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ABSTRACT 
 
It has been shown that prolonged sitting and maintaining rigid postures can 
induce and exacerbate back pain. Postural fixity can have painful and debilitating 
implications including spinal shrinkage, increased intervertebral disc pressure and 
edema in the legs. Incorporating movement within a chair’s seat in the form of 
continuous passive movement (CPM) has been shown to assuage these physiological 
effects. However, apart from physiological studies, measuring effects of task 
performance, back pain, personal comfort, motion sickness, and the extent of torso 
movement are sparse. Experiment 1 measured the affect of CPM built within a chair’s 
seat pan on these factors by comparing static and CPM conditions among 36 
participants, half of whom had pre-existing back pain. Participants performed 3 work 
related tasks separated by 2 relaxation tasks, during two one-hour sitting conditions: 
one static and one CPM. The seat pan was set at a constant speed setting #4 
throughout the CPM condition. Torso and seat pan movement were recorded using 
nano-accelerometers; a general comfort rating scale (GCRS) and a body map 
instrument were used to measure body discomfort over 6 collection times throughout 
the testing session; speed and error rate were used to measure typing, writing, and 
mousing performance; and a post-test questionnaire measured psychological and 
personal comfort, including measures of motion sickness.   
Results showed that CPM did not statistically significantly affect participant 
performance or back pain (p>.05). There were statistically significant differences 
between personal comfort measures relating to postural stability (p<.000), postural 
instability (p<.003), limitations in writing and typing (p<.001), feelings of nausea 
(p<.023), and dizziness (p<.024) between the static and CPM conditions. Feelings 
were worse in the CPM condition for all variables. There were no statistically     
significant differences in questionnaire responses between those with and without 
back pain (p>.05) for either condition. Results further showed that participant’s torsos 
moved more while sitting in the CPM condition [F(3.334, 106.687)=17.285, p=.000] 
and while performing active versus passive tasks [F(1, 32)=26.531, p=.000]. Looking 
at open-ended comments specific to the chair’s CPM, there were more comments in 
disfavor (n=28) than in favor of the motion (n=14), and, when asked to reflect on the 
sitting experience, participants commented more negatively (n=46) than positively 
(n=28). Overall, people without pre-existing back pain commented more negatively on 
the chair’s motion (n=25) than those with back pain (n=18). 
The first experiment maintained a constant speed setting #4 within the seat 
pan, restricting participants from manipulating the speed controls according to their 
personal preferences. A second experiment complemented this experiment by giving 
participants control over the speed setting to test preferences for specific speeds of 
chair seat pan movement according to particular task demands. This second 
experiment tested 12 participants with pre-existing back pain. Participants experienced 
similar protocol as the first experiment, except participants were allowed to 
manipulate the chair’s speed and the nano-accelerometers were not used.  
Results showed that people preferred having no motion during performance 
tasks (writing, typing, and using the mouse) and a moderate to low speed for passive, 
relaxation tasks (movies). Subjective responses were similar to Experiment 1. Overall, 
there were more negative (n=20) than positive comments (n=11) when asked to reflect 
on the sitting experience. These comments were almost exclusively related to the 
movement of the chair’s seat pan.  
Results for Experiments 1 and 2 suggest that CPM may be best applied 
intermittently, allowing users to vary the speed settings according to task demands and 
comfort level. This has broad application to work places where traditional work     
breaks, such as walking, stretching, and standing, may be difficult to execute, or for 
individuals who are sedentary for long durations, such as truck drivers or wheelchair 
bound individuals.  
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CHAPTER 1 
INTRODUCTION 
 
Technology increasingly transforms work from manual labor to deskbound 
activities, requiring more prolonged sedentary postures and exposing a person to 
inherently different physiological demands to that of standing. These demands can 
engender a variety of harmful physical, psychological and emotional consequences as 
sitting dramatically alters one’s physical relationship to the task in terms of 
environmental layout and performance expectations. Particularly salient are 
consequences related to postural fixity or sustaining a position that limits joint and 
muscular change for a period of time, which can manifest in the detriment of mobility, 
postural stability, comfort and overall wellbeing (Greico, 1986). A variety of research 
highlight adverse consequences associated with prolonged sitting. For instance, 
extended sitting and postural fixity can reduce movement of the spine, which can limit 
nutrient diffusion and induce static loading or increased pressures of the intervertebral 
discs (Callaghan & McGill, 2001; Lueder, 2005; Pynt, Higgs & Mackey, 2001). 
Further, extended sitting can increase edema and impair circulation in the lower 
extremities, as well as provoke general back and lower body discomfort (Jensen & 
Bendix, 1992; Lengsfeld, Frank, van Deursen, & Griss, 2000; Pope, Goh & 
Magnusson, 2002).  
These adverse effects have considerable economic ramifications. Back pain 
will occur at least once in up to 80% of the adult population (Plante, Rothwell, & 
Tufo, 1997 as cited in Marras, 2000). According to Pope et al., 2002, “low back pain 
is the most expensive United States health problem in ages 20 to 50”, resulting in 
billions of dollars lost per year in work interruption and compensation (p. 49). As 
occupations increasingly adopt and demand more sedentary work templates, so too  
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grows the risk for potentially serious complications from prolonged, static sitting. The 
chronic and reoccurring characteristics of back pain can have profound effects in 
terms of longevity of work disruption. The rising incidence of injury and back pain, as 
well as economic cost, calls for more supportive and thoughtful chair designs—a 
particularly salient need considering that “two thirds of the North American workforce 
sits for all or part of their day” (Fenety & Walker, 2002, p. 579). It is not surprising, 
then, that chair design research attempts to combat postural fixity and related issues, 
seeking innovative ways to improve the sitting experience. This focus surfaces 
repeatedly in contemporary healthcare and ergonomic discourse. In this light, the 
current research explores the effects of a continuous passive movement (CPM) system 
within a chair seat pan that is designed to reduce the problems associated with static 
sedentary posture, and to help alleviate sitting discomfort for low back pain sufferers. 
1.1 Brief Overview of Ergonomic Chair Design  
There exists a plethora of ergonomic chair designs and equally varied opinions 
on optimal seated posture. Supporting the back (particularly the low back) is central to 
achieving optimal seated posture; how to properly support the low back often 
distinguishes ergonomic chair designs. Defining and achieving optimal seated posture 
has evolved, changing from the cubist seated posture, which was influenced by the 
Victorian era, to postures that support the natural lordotic curve of the lumbar spine 
(Pynt et al., 2001). The cubist posture maintained that a static posture with 90° angles 
of the hip joints, the knees, and ankles supported healthy posture (see Figure 1; Pynt et 
al., 2001). Research beginning in the late 1940s began unraveling the physiologically 
harmful repercussions of sustained sitting in a cubist posture on postural health 
(Lueder, 2005). Mechanically, a cubist posture strains the hamstring and gluteal 
muscles, rotating the pelvis backwards in compensation. It also taxes supportive 
erector spinae muscles, and increases intervertebral disc loading (Dainoff, 1994; Pynt  
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et al., 2001). These effects can create the need to slouch forward to relieve discomfort, 
causing lumbar kyphosis, or flattening of the lumbar curve in the lower back (Pynt et 
al., 2001).  
 
 
 
 
 
                        
       
 
  
 
 
Figure 1. Diagram of sitting positions, highlighting postural effects of the lumbar 
spine. 
Flattening the lordotic curve in the lumbar spine (discussed in length in 
following chapters) can seriously impede spinal dispersion of wastes and nutrients 
within the intervertebral discs; strain structural support tissues; increase intervertebral 
disc pressure; and affect the lordotic curve of the cervical vertebrae (Dainoff, 1994; 
Lueder, 2005; Pynt et al., 2001, 2002). Based on the growing evidence that the cubist 
posture was suboptimal, researchers in the 1970s studied other sitting postures. Two 
functionally opposite sitting postures emerged: one that supports lumbar kyphosis, or 
flexion of the lumbar spine, and one that supports lumbar lordosis, or the natural 
concavity of the lower back (Pynt et al., 2001, 2002). Sitting postures that support the 
lordotic curve of the lumbar spine help release ligament strain and stave off mounting 
lumbar region intervertebral disc pressure caused by sitting. Sitting postures that 
endorse kyphosis of the lumbar spine, on the other hand, have been found to increase 
135°  90° 
90° 
90° 
90° 
90° 
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Cubist posture, which can 
lead to lumbar kyphosis 
Lumbar kyphosis found in 
unsupported sitting 
>90°  
  4
lumbar region intervertebral disc pressure, as well as strain posterior ligaments and 
extensor muscles (Lueder, 2005; Pynt et al., 2001, 2002). As such, optimal chair 
designs now incorporate features to help achieve and support the lordotic curve of the 
lumbar spine.  
In the 1980’s, emphasis was placed on providing adjustability of chair features 
to improve fit, and to support a greater range of postures in order to better restore 
physiological wellbeing (Dainoff, 1994). Movement and postural adjustment of the 
body is essential to spine and circulatory health in that a majority of intervertebral disc 
nourishment is absorbed and dispersed through movement (Legg, Mackie & Milicich, 
2002). Mechanical chair adjustments, such as height, forward and backward tilt, 
armrest height and others, became standard for most ergonomic chairs to better 
facilitate movement and fit. 
There is no lack of literature to suggest ways to provide lumbar support, adjust 
a chair’s height, or even create unconventional chair designs all with the intent of 
promoting better posture and comfort (Legg et al., 2002). However, the numerous 
chair designs, styles and uses have not quelled the development and occurrence of 
back pain (van Deursen, Snijders, & van Deursen, 2000). It may be that typical 
ergonomic chair designs provide only preset, manual adjustments that passively 
support relatively static sitting postures, relying on a user’s voluntary adjustment to 
vary sitting posture, assuming the user knows how to properly adjust the chair 
components (Legg et al., 2002; Lueder, 1994; Noro, 1994; Webb, Tack & McIlroy, 
1984 as cited in Coleman, Hull & Ellitt, 1998). Too often, users sit and maintain 
suboptimal positions in chairs incongruent to their postural needs because either they 
do not know how, have not remembered, or can not mechanically adjust the chair to 
achieve an optimal posture (Lueder, 1994; Vitalis, Marmaras, Poulakakis, & Legg, 
2000). It has been shown that people actually make few chair adjustments and making  
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adjustments may in effect deter movement if a person is required to make a series of 
adjustments to achieve postural shift (Stewart, 1980; Vitalis et al., 2000; Webb et al., 
1984). This may substantially limit a person’s ability to move if movement is 
dependent on the adjustability of the chair. It is further compounded by findings that 
individuals have difficulty distinguishing between comfortable and uncomfortable 
chair features, apart from apparent pain inducing features such as lack of seat cushion, 
sharp seat pan edges or lack of backrest recline ability to open the hip angle (Helander, 
2003; Shackel, Chidsey & Shipley, 1969). Thus, users might not know which chair 
feature to adjust to alleviate the sensations of discomfort, which is a general precursor 
to pain (Helander, 2003; Zhang, Helander & Drury, 1996).  
Recognizing the difficulties in relying on an individual to know, understand 
and willfully remember to adjust their seated posture and chair to allow for movement, 
chair designs have evolved to passively impart movement to the user through, for 
example, rotational seat pans or chair backs. Research developments show that 
imparting dynamic, passive movement within a chair can have substantial benefits for 
seated users. While a profusion of studies have analyzed static and adjustable chairs, a 
small yet growing body of literature exists that have explored the effects of continuous 
passive movement (CPM).  For instance, van Deursen, Patijn, Durinck, Brouwer, van 
Erven-Sommers & Vortman (1999) found a statistically significant reduction of back 
pain (p<.001) when testing the effects of CPM in a moving seat pan using 1.25º axial 
rotations with .08Hz or .2Hz, and van Deursen, van Deursen, Snijders, & Goossens 
(2000a) found improved circulation and subsequent reduction in edema in the legs 
when sitting on a rotary CPM seat pan (p=.14 after 60 minutes; p=.41 after 180 
minutes). Similarly, van Deursen, Goossens, Evers, van der Helm & van Deursen 
(2000b) found a statistically significant reduction of spinal shrinkage with CPM 
(p=.01), and van Deursen, Snijders, van Dieën, Kingma, & van Deursen (2001) found  
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statistically significant increases in disc height in pig cadaver lumbar discs when 
applying seat pan based CPM using axial rotations up to 2º (p<.007). Whiteside and 
McGill (1996) found a reduction in perceived musculoskeletal discomfort using CPM 
when comparing five different sitting positions (p<.01). 
However, despite the range in CPM research, few studies have measured the 
relationship of seat pan based CPM with back pain, personal comfort or psychological 
comfort, and there have been no studies that have analyzed CPM affects on  task 
performance, motion sickness and properties of upper body movement. Additionally, 
no studies have measured CPM speed preferences for specific tasks. 
The present research serves to broaden the scope of past CPM studies, which 
have largely focused on spinal and back pain responses to CPM. The intent of the 
present research is to analyze how a chair with a CPM seat pan influences torso 
movement, back pain or discomfort, manual task performance and motion sickness, as 
well as psychological comfort. It also analyzes the differences of CPM affect between 
healthy participants and those with pre-existing back pain, testing the theory that CPM 
will have specific therapeutic affect on feelings of back pain. This work will augment 
the current understanding of how CPM affects not only physical comfort, but also 
psychological comfort and task performance while sitting on a moving seat pan. 
Further, the research will provide insight into a user’s speed preferences for using 
CPM during specific tasks, providing information as to possible physical design needs 
of CPM chairs. These additions to past CPM research will help better define the utility 
of CPM as it applies to real-world, working contexts. 
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CHAPTER 2 
THE SPINE AND SITTING 
 
  Understanding the anatomical structures and musculature of the back is 
imperative to addressing proper chair design elements for well supported sitting, 
particularly when considering the large number of sedentary workers and the high rate 
of low back injury.  
2.1 Anatomical Structure of the Spine 
The spine is comprised of the vertebral column, which extends from the pelvis 
to the skull and includes 33 vertebrae (Monheit & Badler, 1991). The vertebral 
column, which will be discussed in detail in section 2.1.1, supports nearly half of 
one’s body weight, sharing the other half with supportive muscle structures and 
activity (Pheasant, 1996). Relieving pressures on the spinal column from improper 
sitting can strain and overwork associated musculature. Conversely, attempting to 
relax overburdened muscles can lead to increased and often harmful spinal loading. 
Proper support, nutrition, and flexibility of the spine prove invaluable to maintaining 
postural comfort both when standing and sitting. However, this can be difficult to 
achieve without first understanding how sitting affects the biomechanical properties of 
the spine and associated spinal muscles.  
  2.1.1 Vertebral Column 
Prolonged, static sitting can have deleterious affects on the vertebral column, 
particularly the intervertebral discs (Pynt et al., 2001; see Figure 2).  
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Figure 2. Diagram of the vertebral column with spinal curves. Note. From 
www.spineuniverse.com. Copyright 1999-2006 by SpineUniverse. Reprinted with 
permission. 
 
Vertebrae connect together through ligaments, hinge to allow vertebral movement via 
facet joints, and are separated by intervetebral discs of hyaline cartilage. The cervical 
region has seven neck vertebrae labeled C1-C7; the thoracic spine, affixing to the 
ribcage in the upper back, has 12 vertebrae; the lumbar spine or the lower back has 5 
vertebrae; the sacrum in the pelvic area fuses together 5 vertebral bones; and the 
coccyx is made up of four bones forming the tailbone (Monheit and Badler, 1991; 
Pheasant, 1996; see Figure 2). Since vertebrae are linked together in one dependent 
system, movement can not be isolated to one vertebra (Monheit and Badler, 1991). 
Vertebral movement varies throughout the spine depending on the size of the 
intervertebral disc space, size and orientation of the vertebrae, and the curve of the 
spine for each spinal region. The lumbar vertebrae are the largest in the spinal column  
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and bear the greatest load. By virtue of size and orientation of the vertebrae, forward 
flexion and backward extension are the primary movements of the lumbar spine while 
lumbar rotation is more limited (Monheit & Badler, 1991). In lifting, bending, and 
twisting, lumbar vertebrae experience a high degree of torque and endure considerable 
mechanical stress, rendering the region vulnerable and prone to injury. Most 
vulnerable to injury are the intervertebral discs, composed of the annulus fibrosus and 
the central nucleus pulposus, a watery, nutrient-dense area within the disc (see Figure 
3; Urban & Roberts, 2003).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Diagram of the intervertebral disc. Note. From www.webmd.net. Copyright 
2006 by WebMD. Reprinted with permission. 
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Spinal pain and injury from prolonged static sitting is associated with impeded 
intervertebral disc nutrition, which can be reversed by movement. Nutrients actively 
route through the spinal column until a person is around 10 years of age (Lueder, 
2005; Urban, Smith, & Fairbank, 2004). Afterwards, vital nutrients passively channel 
through the spine through osmosis during movement, allowing the disc to absorb 
nutrients as it decompresses and expel wastes during compression (Bendix, 1994; 
Lueder, 2005; Pheasant, 1986). Disturbances of disc nutrition and hydration caused by 
increased compression of the disc have been associated with back pain and more 
severe conditions such as disc hernias (Bendix, 1994; Grieco, 1986; Urban et al., 
2004). A well hydrated disc distributes spinal forces and absorbs shock received by 
the body and its inherent mechanical stressors. Healthy movement, qualified in terms 
of acceptable lifting, twisting, and bending parameters delineated in such guidelines as 
the NIOSH lifting equation that are outside of the scope of this discussion (see DHHS 
NIOSH Publication No. 94-110, www.cdc.gov), helps eliminate wastes while 
replenishing them with nutrients that help maintain the shape and flexibility of the 
spinal discs. The natural curves of the spine are important components to this process 
as they help evenly distribute weight on the spine and facilitate healthy spinal 
movement.  
The natural sinusoidal curve of the spine has 3 dominant curves and another 
smaller curve in the sacrum and coccyx region (see Figure 2). Spinal curves begin 
with a lordotic, or concave cervical region curve, which convexes out into a kyphotic, 
thoracic region curve and then eases back into a lordotic concave curve in the lumbar 
region, and finally assumes a kyphotic curve in the sacrum and coccyx region 
(Pheasant, 1996). The alternating concave and convex curves allow the spine to carry 
more weight than a straight spine, and help to protect against abnormal spinal loading 
to the intervertebral discs. Maintaining the natural curves of the spine is important to  
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overall back wellbeing. Similarly, the back muscles, particularly the erector spinae 
which run parallel to the spinal column and connect to the spine via tendons, provide 
structural support and facilitate rest and movement (see Figure 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Diagram of the back muscle structure. Note. From www.webmd.net. 
Copyright 2006 by WebMD. Reprinted with permission. 
 
Tensed muscles exert pressure on the vertebrae and intervertebral discs, further 
inducing compression and depressurization of water from the nucleus pulposus 
(Pheasant, 1986, 1996). Thus, stressed and static muscle activity can exert undue harm 
on the spine. Muscles, ligaments, and the spinal column work synergistically to 
maintain homeostasis and comfort throughout the body. Sitting posture, largely 
molded by chair design affordances, can significantly strengthen or hinder this 
process.  
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2.2 Dynamics of Sitting 
Generally, the ergonomic goal of sitting is to support the body insofar as it 
limits discomfort, supports the task needs of the user and endorses physiologically 
sound posture (Pheasant, 1996). Pynt et al. (2001) define healthy seated posture as 
“those that lower intradiscal pressure, minimize creep, minimize unnecessary 
myoelectrical activity in the posterior lumbar musculature and the least tension in the 
posterior ligaments, and encourage load-sharing between the intervertebral disc and 
zygapophysial joints” (p. 6). However, as will be discussed in later chapters, achieving 
and maintaining healthy sitting postures can be grossly challenged by poor chair 
designs, inherent anatomical limitations of the body, and the growing demand for 
sedentary work. 
2.2.1 Sitting and Postural Fixity 
The anatomy of sitting and sitting postures is crucial to appreciating the 
importance of functional chair design and the role that imparting passive movement 
might have on sitting comfort. Due to tension of the hamstring muscles in the upper 
leg, sitting typically first exploits the natural 60 degree range of lumbar flexion, and 
then compensates the limitations of the hamstrings and lumbar spine by engaging a 
backward rotation of the pelvis, creating kyphosis of the lumbar spine (Pheasant, 
1986, 1996). Erector spinae muscles act to correct the tendency to slump and restore a 
more healthful lordotic lumbar curve. Supporting lumbar lordosis reduces the 
tendency to hunch or slouch; disengages spinal muscles and eases ligament strain; 
abates decompression of the intervertebral discs; relaxes the shoulders and trapezius 
muscles; and aligns the head with the neck and cervical vertebrae.  
Once seated, most of the body weight is transferred to the seat pan in the areas 
beneath two bony prominences, the ischial tuberosities, of the pelvic bone. Discomfort 
in this region typically is one of the first warnings that a seat is uncomfortable  
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(Makhsous, Lin, Hendrix, Hepler, & Zhang, 2003). When sitting, the angle of the hips 
relative to the back is much narrower than when standing. If this angle is too acute, or 
less than 110°, it can impinge blood flow and unnecessarily contract extensor muscles, 
such as the extensor spinae, and ligaments, increasing the potential for strain and 
sprain (Lueder, 2005). Constriction at the hip joint has been linked to tingling, 
numbing, and chilling of the lower extremities; aggravation of sciatica; edema; and 
increased risks to circulatory pressure and occlusion (Lueder, 2005). It is 
recommended that there is an open thigh-to torso angle when sitting and these angles 
range from a minimum 110° (Nachemson, 1981 as cited in Lueder, 2005) to 135° 
(Keegan, 1953 as cited in Pynt et al., 2001). Maintaining an open thigh-to-torso angle 
is important to maintaining a lordotic lumbar curve (Cortlett, 1999). 
General ergonomic principles of sitting endorse supporting the natural curve of 
the spine with an open hip angle, and this is primarily achieved through reclined 
sitting. However, these ergonomic principles may be difficult to achieve depending on 
task demands. Graf, Guggenbühl, and Krueger (1995) measured sitting behavior 
according to different seated tasks, which included light assembly work, office work, 
attending a lecture, performing computer work, and working as a cashier. Chair seat 
type also varied with non-adjustable seats for the lecture attendance; backward incline 
adjustable seat and backrest for computer and clerk work; and only height adjustable 
seat and backrest for light assembly and office work, such as reading papers. For two 
hours, leg and body position were recorded every minute according to a classification 
system. Frequencies showed that assembly workers, cashier clerks, and computer 
workers did not lean back as much as office workers, but rather sat forwards or in the 
middle of the chair; differences between groups were statistically significant (p<.05) 
except between assembly and office workers. Though people moved more and used 
the range of sitting positions in the office work condition, results showed that, for 80%  
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of the observations, office workers assumed positions where the upper back leaned 
against the backrest, though the person was seated on the front of the seat. This 
resulted in a kyphosed lumbar spine, recessing the lower back into the space in 
between the backrest and seat. It also created a hunched, forward tilt of the cervical 
spine, which was also found in work by Grandjean et al. (1983) when analyzing 
keyboard users and reclined sitting. It has been shown that a person assumes a reclined 
position when performing relaxed work, such as reading, and a forward position when 
performing computer work. Graf et al. (1995) found that people moved less in the 
forward positioned tasks despite having higher adjustability in the chair features. 
Though the significance levels were not provided, making it unclear whether the 
differences were significant, results showed that people moved less in tasks that 
demanded more concentration, such as computer work. This shows that tasks can 
affect the amount in which a person moves while seated. Higher rates of discomfort 
and chronic back disorders have been associated with workers who experience longer 
periods of static sitting or postural fixity (Babski-Reeves, Stanfield, & Hughes, 2005; 
Greico, 1986; Lueder, 2005). Providing postural recommendations and chair features 
for healthy sitting, therefore, may not combat other deleterious effects associated with 
prolonged static sitting that may be induced by task demand. Indeed, postural fixity 
found in prolonged sitting can harm spinal and muscular health and even distort 
postures in such a way as to negate good posture regardless of best intentions (Graf et 
al., 1995). The most common harmful effects of prolonged sitting are discussed in 
detail in future sections. 
Postures, even poor ones, generally do not produce deleterious effects so long 
as they are temporary, short duration, and have the potential to be improved through 
postural adjustment. Typically, fidgeting, postural shifts, and forward slouching serve 
as indicators of mounting discomfort. Eventually, if one can not escape discomfort and  
  15
associated physical burden through fidgeting, more structural compensation and 
damage ensues (Bhatnager, Drury, & Schiro, 1985; Fenety & Walker, 2000; Pheasant, 
1986, 1996). Persistent postural strain resulting from inadequate chair design can lead 
to and exacerbate back pain and spinal problems. Indeed, prolonged sedentary 
confinement and situations that sustain poor postures through inadequate chair design 
are the greatest concern among seated workers when considering causes of back pain 
and related conditions.  
Maintaining poor postures can lead to mechanically irregular and stressing 
effects on ligaments, muscles and intervertebral discs, to name a few (Lueder, 2005; 
Pynt et al., 2001). Such strain can cause pain and invite injury when otherwise 
predictable and harmless movements are performed. Cadaveric and epidemiological 
studies, for instance, identify sedentary work as a catalyst to spinal disc pathologies 
and lower back pain (Pynt et al., 2001). Studying deleterious effects on the spine, 
Callaghan and McGill (2001) measured differences in spinal loading among standing 
and unsupported sitting postures during an extended 2 hour sitting period, and found 
significantly higher compressive forces (p<.001) in the sitting postures as opposed to 
standing. As noted by Pynt et al. (2001), prolonged sedentary activity and subsequent 
spinal loading distorts pressure and deforms intervertebral discs, augmenting creep or 
the loss of fluid within the disc. The disc subsequently becomes susceptible to 
dehydration, potentially leading to painful pathologies of the spine and back. Overall, 
increased compressive forces induced by sustained static loading obstruct the passage 
of nutrients, thereby reducing the protective hydraulic nature of the intervertebral disc 
and shrinking the distance between the vertebrae when the spine is vertical, leaving 
the spine vulnerable to degenerative conditions and injury (Grieco, 1986). These 
changes in disc nutrition and pressure can result in a herniated intervertebral disc, 
which occurs when the protective annulus fibrosus of the disc becomes weak in some  
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areas allowing the nucleus pulposus to become displaced or extrude through the 
annulus fibrosus lining under force (see Figure 5). This protrusion, in turn, can put 
pressure on a spinal nerve and that can lead to radiated numbness, tingling or sciatica 
in the lower extremities. 
 
 
 
 
 
 
         
 
 
 
 
 
 
 
 
Figure 5. Diagram of a herniated disc. Note. From www.spineuniverse.com. 
Copyright 1999-2006 by SpineUniverse. Reprinted with permission. 
 
As previously mentioned, poor support distorts the natural curvature of the 
spine, increasing strain on muscles, tendons and ligaments and causing intervertebral 
disc deformation (Lueder, 2005; Marras, Davis, Ferguson, Lucas, & Gupta, 2001). 
Specifically, Beach, Parkinson, Stothart, and Callaghan (2005) analyzed resultant 
stiffness and inflexibility of the lumbar spine incurred during a 2 hour session of 
prolonged sitting. They found that prolonged sitting flattens the lumbar curve, which 
recruits passive tissues such as ligaments and discs to help maintain an upright sitting 
posture. Over time, increased spinal loading, as well as exertion on surrounding 
tissues, can significantly increase strain and limit the lumbar range of motion, 
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increasing the potential for injury. With this in mind, they measured flexion of the 
lumbar spine by analyzing angle changes and muscle exertion in twelve participants 
who sat on a chair for a 2 hour period. They found reduced maximum lumbar flexion 
angles in men where maximum lumbar flexion angles were highest at the beginning of 
the testing session as opposed to after one or two hours (p=.0072), but no statistically 
significant differences were found in women’s lumbar flexion angles (p=.3045). 
Additionally, they found no statistically significant effects on erector spinae muscles 
(p=.1718). Growing stiffness in terms of reduced maximum lumbar flexion angle in 
men was linked to reduced movement in the lower spine. Similarly, McGill, Hughson 
and Parks (2000) analyzed coactivation
1 and compensation
2 of spinal muscle activity 
when sitting and found a reduction in oxygenation of the erector spinae muscles 
during prolonged isometric
3 contractions — muscle exertion that could be experienced 
during sustained sedentary activities. Supporting these findings, Callaghan and McGill 
(2001) found muscle activation of the erector spinae group was significantly higher 
(p<.05) for seated postures versus standing, suggesting a forced isometric engagement 
of the muscles to maintain the lordotic curve in the lumbar spine. Park, Kim and Shin 
(2000) also measured the differences of back muscle exertion among postures, looking 
at forward tilt, upright and backward tilt seated positions. They compared muscle 
fatigue and subjective discomfort responses between a new chair concept, which had 
an adjustable mouse and keyboard tray, and a conventional chair design that had no 
adjustable keyboard-mouse support. Six participants experienced 6 one-hour testing 
conditions, and the results showed a statistically significant difference in muscle 
exertion between the chair condition with less muscle fatigue of the extensor 
                                                 
1 Coactivation: simultaneous activation of passive and active tissues, agonist and antagonist muscles. 
2 Compensation: distributing and loading surrounding tissues and structures to reduce strain on a given 
structure. 
3 Isometric: the static contraction of muscles, where the muscle length and joint do not dynamically 
move but work is being exerted.  
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digitorum and flexor digitorum superficialis muscles using the new chair design 
(p<.05). They found statistically significant differences between postures, finding 
significantly more muscle activity in the conventional sitting condition (p<.05). The 
forward tilt sitting posture was more fatiguing on the erector spinae muscles in this 
sitting condition (p<.05).  
In addition to apparent and measurable physical conditions, such as disc 
herniation or pinched nerves, the effects of prolonged sitting and postural fixity can 
increase generalized back discomfort and pain (Fenety & Walker, 2000). However, 
defining comfort, discomfort and pain continues to be debated (de Looze, Kuijt-Evers 
& van Dieën’s, 2003; Zhang et al., 1996). Sitting comfort research appears to be 
divided into two schools of thought: one that measures comfort on a continuum from 
total comfort to total discomfort, and the other that views comfort and discomfort as 
separate constructs. To date, there is no consensus as to which perspective is more 
valid. How to measure comfort, discomfort, and pain is further complicated by the 
very personal and subjective nature of experiencing these feelings (de Looze et al., 
2003; Whelan, 2003). Whelan (2003) addresses the private and individual qualities of 
feeling pain in particular, stating “pain is ineffable and elusive; it confounds the grasp 
of language and objectification. As an experience, pain is utterly private and 
subjective, and, consequently, it creates a divide between sufferer and observer” (p. 
464). Indeed, the experience of pain and discomfort when sitting is often not a mere 
expression of one singular sensation from one event, but referent to a constellation of 
feelings; interpretations; and psychological, social and physical stressors built up over 
time. Regardless of derivation, expression or difficulties in measuring generalized 
discomfort, studies indicate that perception of comfort and discomfort is not only 
important but office workers deem it an influential component to one’s productivity 
(Springer, 1982 as cited in Lueder, 1983).   
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2.3 Financial Impact of Low Back Pain 
Back ailments from prolonged, static sitting of any order whether they are 
acute, identifiable disorders or general, sub-clinical discomfort can have considerable 
physical and monetary repercussions. The urge to abate the causes of back pain and 
injury is not solely driven by wanting to alleviate personal distress, but also serves to 
reduce the considerable economic consequences back pain brings. Apart from the 
costs of emotional, mental and physical anguish associated with back pain and injury, 
companies suffer from reduced productivity, lost work days and absenteeism, and 
reoccurring medical costs (Deyo, Cherkin, Conrad & Volinn, 1991; Johanning, 2000; 
Maetzel & Li, 2002). According to Johanning (2000), low back pain “disables 5.4 
million Americans per year and it is the most frequent reason for filing a workers’ 
compensation claim” (p. 94). Back pain, particularly low back pain, represents a fifth 
of all compensable occupational injuries, though often persistent, they account for one 
third of claim costs and are often double the costs of other claims, making low back 
pain the most expensive ailment in its class (Pope et al., 2002). A study analyzing 73 
compensatory chronic back pain related articles found a disproportionate ratio 
between the relatively small number of cases reported, 4.6-8.8%, and that of the cost, 
64.9-84.7% (Maetzel & Li, 2002).  
The exact etiology of back pain is not well understood making it difficult to 
differentiate the prevalence and costs attributable to sitting related lower back pain and 
that from other causes. Nevertheless, sitting encompasses a great percentage of the 
working day. For predominately sedentary occupations, as well as periods of sitting 
during more hazardous occupations such as materials handling and heavy lifting, a 
poorly designed chair with inadequate support can compound and exacerbate back 
pain, as well as increase injury risks and pain intensity. Indeed, more and more  
  20
studies, such as Deyo et al. (1991), include occupations with prolonged sitting as risk 
factors for the occurrence of low back pain.  
Statistically, low back pain alone will occur at least once in one’s life for 80-
85% of the population, not accounting for other pains in the back and neck 
(Johanning, 2000; Marras, 2000). Though low back pain typically afflicts ages 
representative of the working population, studies have begun to address the growing 
prevalence of sedentary low back pain in children (see for example Balagué, Troussier 
& Salminen, 1999; Nissinen, Heliovaara, Seitsamo, Alaranta & Poussa, 1994). This 
suggests that prolonged sitting and poor posture in childhood may have adverse effects 
on spinal and structural health, and increase the potential for degenerative back 
ailments in adulthood. Whether related to cumulative factors or directly related to 
sitting, prolonged, static sitting represents a significant risk factor for the development 
and aggravation of low back pain and it pays to address ways in which to improve the 
sitting experience while not impeding work productivity and comfort. The growing 
rate of back pain incidence gives evidence to the need for more supportive and 
comprehensive chair innovations. In this vein, chair designs increasingly explore the 
possibilities of actively or passively incorporating the benefits of movement in sitting.  
2.4 Movement 
2.4.1 Benefits of Movement 
Maintaining a fixed posture over a long duration has the potential to be 
damaging if not simply exhausting on the body (Lueder, 2005). Sitting still is just as 
unhealthy as it is impossible to maintain over long durations. Grieco (1986), Sanders 
and McCormick (1993), and Lueder (2005) reveal that rigid, immovable postures are 
just as injurious to the back as performing heavy manual work, causing harmful 
impairments such as joint rigidity, muscle fatigue and pain, edema, poor circulation, 
misalignment of the spine, degenerative spinal conditions, and vulnerability to disc  
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herniation, to name a few. On a lesser but equally aggravating scale, static sitting 
postures, in time, induce discomfort and eventual pain. Static sitting disproportionately 
engages certain muscles, taxing them to the point of fatigue and discomfort and 
straining other structural features in compensation (Graf et al., 1995). This is 
particularly interesting when considering that a majority of the workforce mostly sits 
during the working day (Fenety & Walker, 2000). 
Moving the body by incorporating periodic postural shifts or in-chair 
movement can profoundly curb these deleterious effects, significantly reducing the 
risk of future damage from sedentary activities (Lueder, 2005). Moving the body 
oscillates postural muscle activity between passive and dynamic stimulation, 
providing respite to rest and relax muscle groups, as well as restore vital nutrients and 
oxygen before reactivation (Graf et al., 1995). Moreover, stimulating the spine to 
move causes fluctuations in intradiscal pressure, which assist with the removal of 
waste products and help replenish nutrients within the intervertebral disc (Pynt et al., 
2002). Blood circulation and leg edema also improves by activating circulatory pumps 
throughout the body, particularly the extremities (Stranden, 2000). Given the abundant 
benefits of movement, it is important to promote movement to minimize deleterious 
effects on the spine and back musculature from prolonged static sitting.  
2.4.2 Work Breaks to Promote Movement 
Workplaces increasingly advocate active techniques for increasing movement 
during the work day. Work breaks, such as stretching, standing, and walking, are 
common vehicles to countering adverse affects of prolonged sitting. Work remedies 
such as sit-stand work stations, allow professionals to alternate between seated and 
standing work stations, thereby enabling postural change throughout the work day 
(Hedge, 1994; Pheasant, 1996). Physiological benefits range from improved 
circulation and reduced edema in the right foot (Paul, 1995); to reduced spinal  
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shrinkage (Paul & Helander, 1995); to improvements in overall discomfort (Hedge, 
2004).  
On a macro-organizational level, incorporating frequent and repetitive work 
breaks throughout the day encourages stretching, movement, and general pauses from 
prolonged sitting. Roelofs and Straker (2002) found that, for 30 bank tellers, 70% 
preferred alternating sitting and standing throughout the day as opposed to just 
standing, which increased lower limb discomfort, or just sitting, which induced upper 
limb discomfort. Looking more specifically at the effects of stretch breaks, Fenety and 
Walker (2002) analyzed the influence that short-term, stretching exercises had on 
discomfort level, frequency of in-chair movements, and postural adjustments among 
visual display unit (VDU) operators at a call center. Eleven call center operators 
performed telephone directory assistance tasks for two, 2-hr sessions (one pre-
stretching exercise and one stretching exercise condition) which were separated by 3-5 
work days. During the second session, participants stretched for 5 seconds every 30 
minutes. They reported significantly more in-chair movement in the stretching 
exercise condition between 5-20 minutes and between 50-65 minute periods of in-
chair movement testing (p=.02, p=.03, respectively). Perceived discomfort was less in 
the stretching exercise for all 3 whole-body discomfort collection periods, 30 minute, 
65 minute and 115 minutes (p< .01), and discomfort significantly increased in the pre-
stretching exercise condition over time (p<.01) while there were no significant 
increases of discomfort in the stretching exercise condition. Including stretch breaks 
and opportunities for active movement has been shown to improve sitting comfort, but 
the ability to carry out these breaks can be largely dictated and shaped by forces such 
as work culture, demands of the task being performed, and performance expectations. 
Despite the beneficial effects of actively inducing movement during sitting, 
compliance with taking active work breaks may not be practical for certain work  
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demands and occupations, such as VDU and other time-sensitive work. Due to either 
internal or external (organizational) pressures to keep work pace, a person may 
interrupt work breaks before full recovery; may wait until noticeable signs of 
discomfort become too overwhelming before taking a break (Fisher, Andres, Airth & 
Smith, 1993; Henning, Sauter, Slavendy & Krieg, 1989 as cited in Henning et al, 
1997; Schleifer & Amick, 1989); or may have difficulty remembering to take work 
breaks (Fenety & Walker, 2002). Fenety and Walker (2002) found the workers 
participating in the stretching exercise study discussed previously largely felt the 
exercises were beneficial, but 7 out of the 11 stated that they “had difficulty 
remembering or finding time to perform the exercises, particularly when ‘calls 
waiting’ was posted on their computer screen” (p. 584). Similarly, Henning, Jacques, 
Kissel, Sullivan and Alter as-Webb (1997) measured the effects of frequent, short rest 
breaks on productivity and comfort in VDU operators. Two insurance company sites 
were used, recruiting 73 participants from a large site, and 19 from a smaller site. Test 
durations varied between the test sites. The larger site had a 2 week, pre-exercise 
period followed by a 4 week exercise treatment period in which 3 different operator 
group conditions received no breaks; 30 second and 3 minute work breaks without 
exercises; and 30 second and 3 minute work breaks with the inclusion of stretching 
exercises. They used similar condition protocol over three test periods: a 3 week pre-
exercise period, a 3 week period of just two breaks, and a 3 week period of exercise 
and breaks. The breaks occurred every 15 minutes and there were 3 thirty second 
breaks and one 3 minute break. Only 54.81% work break compliance was found after 
excluding 8 participants for complete non-compliance in the larger work site, and 
compliance was lower for the shorter 30 second break compared to the three minute 
work breaks. The result of non-compliance with work breaks may be extended periods 
of static sitting in which muscles, tendons, and ligaments are strained and  
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intervertebral discs are disproportionately loaded. Beach, Parkinson, Stothart, and 
Callaghan (2005) caution that sudden, gross musculature movements could bring these 
elements to point of failure, causing injury. Given this, it is problematic to put the 
entire responsibility for actively taking breaks and moving on the employee. 
2.4.3 Chair Features to Promote Active Sitting 
Instead of only relying on an individual to consciously move, other techniques 
provide opportunities to move through the facilitation of chair design features. Nearly 
standard now is the inclusion of flexibility within a chair back to allow a variety of 
dynamic back movements while seated to alternate sitting positions in what is known 
as dynamic or active sitting (Graf et al., 1995). Bhatnager et al. (1985) found that 
people alternate and rotate among postures during the day. Research states that these 
postural changes are dictated by task specificity (Dowell, Yuan & Green, 2001; Graf 
et al., 1995), as well as constraints derived from workstation/worker congruence, 
macro-organizational dynamics, and personal comfort needs (Teiger, 1978). More and 
more, chair features that once curtailed movement and postural adjustments now 
incorporate some means to move along with the natural movements of the sitter. 
Stranden (2000) measured the activation of venous pumps in the lower leg when 
sitting for 30 minutes on a dynamic, free-floating chair that moved with the body 
versus sitting 30 minutes on the chair in a locked, fixed position. In the dynamic 
condition, the chair back and seat were synchronized so that the seat tilts backward 
when a person leans back and tilts forward when a person leans forward. Results 
showed that promotion of leg movement and stimulation of venous pumps in the 
lower leg increased when sitting in a dynamic chair, resulting in a significant decrease 
of calf volume (M= -.07%, p=.008). Sitting in the fixed chair condition resulted in a 
mean calf volume gain of +1.2%.  Further, van Dieën, DeLooze, and Hermans’ (2001) 
studied the claim that dynamic, moveable chairs benefit back health. They measured  
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trunk movement, spinal shrinkage, back muscle activity, and discomfort in 10 
participants who sat in chairs with static, fixed backrests to the seat pan; freely moving 
backrests separate from the seat pan; and fixed ratio backrests, where the backrest and 
seat pan moved simultaneously in a predetermined manner. Participants performed 
computer related tasks in each of three, 3-hour testing conditions. They reported a 
3.3mm gain in stature when using the dynamic chair as opposed to 0.06mm in the 
static conditions (p=.018). However, results indicated that only task performance had 
significant affect on seated posture (p=.002) and muscle activity (p<.001), not the 
chair type, reflecting the findings of Graf et al. (1995) where one’s movement was 
influenced more by the task than the chair design. Corroborating van Dieën et al.’s 
(2001) findings, Hedge and Ruder (2003) found no significant difference in movement 
among static and dynamic backrest conditions when measuring the frequency of 
individuals’ seated movements. Despite other advantages to providing dynamic 
backrests, this finding suggests task performance is a stronger determinant of trunk 
movement and posture, overriding chair features and the overall ability to freely move.  
It has been shown that merely providing adjustment and flexibility within a 
backrest and then relying on one to actively adjust one’s posture may not necessarily 
induce more movement or promote better posture (Vitalis et al., 2000). Particularly 
vulnerable, then, are persons, such as call center and computer operators, who may not 
have the liberty or opportunity to repeatedly take breaks or adjust postures due to 
external, as well as personal task productivity pressures (Carayon, 1993; Fenety & 
Walker, 2002). It may be more therapeutic to enable a person to move and change 
postures constantly without having to adjust or actively move chair features, allowing 
users to move more easily and freely while sitting.   
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2.4.4 Passive Movement Sitting Alternatives 
There is a growing effort to passively promote movement, or active sitting, 
through chair designs in order to keep mechanical structures invigorated to reduce 
injury risks from the sudden movement stimulation of rigid tissues. There are four 
known primary chair design methods that passively promote movement, and these can 
be divided into two categories. One category provides freely movable chair features 
that enable the ability to move more easily. Movement, then, depends on a person’s 
subtle postural adjustment while sitting on passive movement features. Two chair 
designs define this category: 1) sitting on a freely movable seat pan tilting mechanism 
like the SwingSeat
™ Aeromotion chair introduced in 1999 and developed by Hector 
Serber, or the Accord
™ Aeromotion chair introduced in 2004 and developed by 
SmartMotion Technology, Inc. as an improvement to the SwingSeat
™; or 2) sitting on 
unstable surfaces that promote balance and stability, such as the spring loaded 
Swopper
™ chair developed by the Aeris company in 1997, or exercise stability balls. 
The other category (which is discussed in detail in section 2.4.6) passively moves a 
seated person through mechanical means, actively moving the body through 
pneumatic air bladder instruments or rotating seat pan mechanisms to gently move a 
user.  
However, only recently has the focus towards incorporating passive movement 
in sitting gained momentum, research studies for these alternative forms of sitting are 
sparse. After reviewing several ergonomic databases, such as Ergonomic Abstracts, 
and journals such as Ergonomics, Applied Ergonomics, and the Human Factors 
Journal, there have been no known research studies analyzing the ergonomic and 
physiological benefits of spring-loaded seat pan chairs, specifically the Swopper
™ 
chair. The ergonomic claim of this seat design is that it allows and encourages 3-
dimensional, dynamic movement (side-to-side, up and down and forwards and  
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backwards) compared to conventional office chairs that may offer forward and 
backward dynamic tilting. With the flexibility of the circular spring-loaded seat, the 
chair moves and pivots with a person’s postural shifts, thereby stimulating back and 
abdominal muscles to maintain stability. The increased muscle activity is claimed to 
strengthen core muscles and increase circulation, as well as joint stimulation. 
However, there have been no known studies supporting these claims nor have there 
been studies measuring back pain effects for those with pre-existing back pain. 
Similarly, few studies have analyzed the utility of using stability balls, or Swiss balls, 
as office chairs, though they are commonly used in physical therapy and injury 
treatment rehabilitation (see for instance Lehman, Gordon, Langley, Pemrose & 
Tregaskis, 2005; Lehman, Hoda & Oliver, 2005). Similar to the Swopper
™ chair, 
stability balls require a person to balance on an unstable sitting surface, engaging 
muscles of the back and abdomen to remain stable. Unlike the Swopper
™ chair that 
may come with a detachable back rest, stability balls have no upper back support.  
Gregory, Dunk and Callaghan (2006) studied the claim that using stability 
balls as office chairs would stimulate trunk muscle activity, and that sustained, 
unsupported sitting on stability balls might increase pain due to extended periods of 
muscle activation. They compared the back muscle activity and lumbar posture effects 
of 14 participants between sitting on a stability ball and sitting in an office chair. 
Participants participated in each condition for 1 hour each, performing 4, 15-minute 
segments of typing, computer-aided design work, typing and mousing work, and 
reading during this period. Results showed no significant differences in lumbar flexion 
between sitting conditions (p>.05), however individuals had greater posterior pelvic 
tilt in the office chair condition than the stability ball condition (23.3º and 18.3 º, 
respectively; p=.0114). Only the left thoracic erector spinae muscle showed significant 
differences in activation between conditions (p=.0352) with higher average activation  
  28
on the stability ball (2.06%) to that of the chair (1.36%). Perceived lower back 
discomfort increased over time for both conditions (p=.001), however only the 
stability ball condition showed an increase of whole body discomfort over time 
(p<.0001). Kavcic, Grenier, and McGill (2004) compared eight different spine 
stabilization exercises including sitting on a ball and chair. Ten participants performed 
each condition, holding the exercise position isometrically for 2-seconds. Results 
showed that bending, twisting and flexion moments on the lumbar spine were very 
small for both chair and ball conditions, though sitting on the ball had higher bending 
and twisting moments than on the chair. It is unclear whether these were significantly 
different. Upper trunk muscle activation profiles were similar for both conditions and 
spine stability was not significantly different between the two exercise conditions.  
Radebold, Cholewicki, Polzhofer, and Greene (2001) tested differences of 
postural control in the lumbar spine among healthy participants and low back pain 
sufferers. Participants sat on a chair with a variable diameter hemisphere that attached 
below the seating surface. As hemisphere diameters decreased, seat instability was to 
increase. Four instability conditions were measured: flat surface, 50cm, 44cm, and 
22cm. Postural sway was measured using Center of Pressure (CoP) measurements as 
participants performed five, 7-second trials in each condition with eyes open and eyes 
closed for each trial. Additionally, muscle response times for upper trunk muscles 
were compared between participant groups, measuring muscle activity of 12 major 
upper trunk muscles while participants performed trunk flexion, lateral bending, and 
extension movements. Results showed poorer postural control for the participants with 
chronic low back pain for all instability hemisphere diameters, and differences were 
significant for 44cm diameter (p<.05). Participants with low back pain also showed 
longer trunk muscle response times (p<.05).  
  29
Supporting these findings, a variety of ergonomic opinions (see for instance 
Ergonomics Today
™, the Ergonomics Report
™, and the Ergoweb Forum) suggest that 
sitting on unstable surfaces, such as the Swopper
™ chair and stability balls, should be 
avoided as a replacement to office chairs, particularly for prolonged sitting. Budnick 
(2005) reported expert opinions shared in an ergonomic forum and there was complete 
agreement that prolonged sitting on stability balls could overexert muscles, thereby 
increasing compression on intervertebral discs; promote the tendency to hunch the 
cervical and thoracic spine; and rotate the pelvis anteriorly causing lumbar kyphosis. 
The same could be true for the backless Swopper
™ chair since it resembles a modified 
version of the stability ball. A further limitation highlighted among experts identified 
the common tendency for the ball to unexpectedly roll away from the user as a 
potential hazard and nuisance in a workplace. As noted in Section 2.2.1, unsupported 
sitting can potentially strain the back muscles, particularly the erector spinae, and 
impede the necessary movement of spinal fluids in the vertebral column. Given the 
discomfort and potential physiological implications they may bring, backless sitting 
alternatives may not be conducive to improving back comfort for prolonged sitting, 
particularly for individuals experiencing back pain.  
Alternatively, the Swingseat
™ or the Accord chair
™ Aeromotion chair is a 
passive sitting design with the ergonomic claim that passive movement is achieved 
through its freely movable and tiltable seat pans that move independent of the 
adjustable back rest. The seat pan responds and supports a user’s postural adjustment 
in all directions, allowing for free floating movement forwards and backwards, as well 
as axial rotations side-to-side. Further, the backrest can recline backwards while 
keeping the feet on the floor, or it can recline lifting the thighs up, as well. However, 
though the properties of the chair seem promising, Lueder (2002) is the only known 
study on the Swingseat
™Aeromotion chair, and this study did not test the ergonomic  
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claims of the Swingseat
™ Aeromotion chair, but rather discussed the possible 
beneficial effects it might have on back support and promoting sitting movement. 
The Swopper
™ chair, stability balls, Swingseat
™ and Accord
™ Aeromotion 
passive movement sitting alternatives are designed to enable and move with the 
natural movements of the person. As previously mentioned, other passive movement 
chair designs take a more active role in moving a user. These incorporate the concept 
of continuous passive movement (CPM) in sitting, and are discussed in detail in the 
following section. 
2.4.5 Continuous Passive Movement Origin and Therapeutic Applications 
The concept of continuous passive movement (CPM) addresses injury joint 
mobilization and stimulation. Up until the 1960s, moving injuries was largely thought 
to be harmful to the process of recovery, and rest and joint immobilization were the 
prescribed treatments (Marchie, Clarke & Lee, 2004). However, studies in the 1950s 
and 1960s began analyzing the deleterious effects of joint immobilization, as well as 
the possible benefits of movement (Hammersfahr & Serafino, 2002; Marchie et al., 
2004; O’Driscoll & Giori, 2000). Salter and Field (1960) and Salter, McNeill, and 
Carbin (1965) reported the profoundly damaging effects that joint immobilization can 
have on the structural and functional health of rabbit knee cartilage. They found that 
joint immobilization can lead to joint stiffness, muscle atrophy, adhesions, and 
swelling among other detrimental effects. Movement, on the other hand, improved 
nutrition and regeneration of cartilage, improved circulation, and increased recovery 
time (Marchie et al., 2004). Salter created a paradigm shift when he pioneered the idea 
of CPM in 1970, introducing the concept of continuous movement to an already 
growing body of research that showed the benefits of intermittently moving injured 
joints (Marchie et al., 2004). Salter showed that continuous movement was beneficial 
to joint rehabilitation, injury repair, and maintenance of range of motion in animals  
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and, in 1978, applied the practice to his first human patient. Continuous joint 
movement was found to be most beneficial directly after injury. Thus, the concept of 
CPM arose from the fact that newly injured patients cannot readily move injured joints 
on a continuous basis, and thus required machinery to passively move the joint for 
them. CPM moves joints without any patient effort, and it has been shown that CPM 
does not increase a patient’s injury pain level, and it reduces joint rigidity, enhances 
blood circulation, expels pooled fluids, regenerates cartilage, and increases recovery 
time (O’Driscoll & Giori, 2000; Marchie et al., 2004). To date, the application of CPM 
has been adapted to treat a variety of joints and body parts and permeates much of 
rehabilitative therapy (Hammesfahr et al., 2002; Marchie et al., 2004).  
2.4.6 Continuous Passive Movement Research  
Similar to continuous passive movement (CPM) joint stimulation in injury 
rehabilitation, CPM in sitting passively moves a user, either through moving the chair 
seat back or seat pan, reducing a user’s responsibility and effort to consciously move. 
Sitting CPM application and research is divided into two categories: CPM directly 
applied to the back through a backrest or detachable lumbar placed device; and CPM 
applied through a moving seat pan.   
  2.4.6.1 Lumbar Based Continuous Passive Movement Research 
Hazard and Reinecke directly referenced the benefits of applying CPM in joint 
therapy when they developed the first computer operated inflatable pneumatic bladder 
CPM system for the lumbar spine in the 1980’s (Reinecke, Hazard, Coleman & Pope, 
1992; Reinecke, Hazard & Coleman, 1994). The Backcyler
™ was designed 
specifically for reducing lower back pain typically associated with prolonged static 
sitting (Reinecke et al., 1994). Pneumatic bladder devices were placed on both sides of 
the lumbar spine and the device was designed to cyclically inflate and deflate with 
variations in air pressure (ibid). This action was meant to stretch and move muscles in  
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the back, thereby stimulating spinal movement. The Backcyler
™ CPM device was used 
during driving simulations to measure the amount of movement and CPM effect on 
lower back pain (ibid). Similar alternating inflatable and deflatable systems have since 
been created (for instance the BMW Active Seat
™, Ergodynamics E-motion
™, and 
Ergomedics Backcycler
™) and are used in a variety of sitting applications such as 
driving, flying and general office work.  
Previous studies found that users preferred slower inflation-deflation cycles of 
128-s cycles, using maximum mean pressures of 70mm Hg (Reinecke et al., 1992). 
Given that the cycle rate was slower than faster vibrating massage chairs, Reinecke et 
al. (1994) sought to measure the actual lumbar motion when using CPM. They used 75 
second inflation and deflation cycles in two experiments: 1) testing low back motion 
and discomfort in 12 healthy subjects; and, 2) measuring whether symptoms of back 
pain reduced using CPM for 28 people who experienced chronic low back pain. 
Participants in the first experiment selected their preferred CPM bladder pressure, and 
then performed driving simulator tasks for two, 2hr conditions on separate days: one 
with CPM and one without CPM. Participants in the second experiment drove freely 
for three days, driving with CPM one day, without CPM another day, and then 
choosing whether or not to use CPM the last day. Discomfort was measured using a 
visual analogue scale. Results showed reduced postural discomfort, stiffness and 
fatigue (p<.005), as well as increased lumbar flexion angle, representing increased 
movement of the lumbar spine when using the CPM (M=9.3, SD=3.6º) versus the 
static lumbar support condition (M=1.5, SD=1.1º; p<.005). Further, results showed 
significantly less discomfort, stiffness and fatigue when using the CPM device among 
chronic low back pain sufferers (M=5.2hrs driving time; p<.005). 
Durkin, Harvey, Hughson, and Callaghan (2006) used a similar driving 
simulator protocol to test erector spinae muscle fatigue, oxygenation, and low back  
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discomfort effects of three different lumbar massage devices during prolonged driving. 
Eight participants without back pain performed each of 8 testing conditions in which 
they drove in a driving simulator while sitting on four different car seats: 1) control 
seat using standard lumbar support without motion, 2) using roller massage that 
traversed up and down the lumbar region of the seat back, 3) using mechanical 
massage which cyclically increased or decreased the lumbar support, and 4) using 
pneumatic massage that inflated and deflated cyclically. Participants experienced each 
condition twice, once to become accustomed to preferred lumbar settings and the other 
to test those settings. Results showed no statistically significant changes in muscle 
activation for any of the seat conditions, though muscle oxygenation was significantly 
higher in all three massage conditions over that of the control condition. No significant 
differences in discomfort were found between conditions nor was there a significant 
affect on driving performance.  
Beach, Mooney, and Callaghan (2003) showed similar results when measuring 
the effects of lumbar positioned CPM on lumbar and thoracic erector spinae muscle 
activity. Eight pain-free participants performed computer work while sitting for two 
consecutive hours, sitting one-hour with no motion and the other with the bladder-
inflated Backcyler
™ CPM device placed at the lower back. When comparing static and 
CPM sitting conditions, they found no significant differences in muscle activity, 
though the thoracic muscles appeared to be more frequently relaxed when using the 
CPM. Perceived discomfort was not statistically significantly different between the 
sitting conditions. However, Whiteside and McGill (1996) found a reduction in 
perceived musculoskeletal discomfort using CPM. They compared discomfort and 
spinal shrinkage for each of five one-hour sitting sessions in which 5 participants sat 
in a flexed lumbar back posture, an extended lumbar back posture, alternating between 
unsupported flexed and extended postures, using static lumbar support, or using a  
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lumbar positioned CPM inflatable bladder. CPM showed the least amount of 
discomfort among participants after sitting for one hour (p<.01), however 4 out of the 
5 participants stated that the movement was annoying. Spinal height loss was less for 
the CPM, static lumbar support and alternating between flexed and extended sitting 
conditions (p<.01), though differences between these conditions were not statistically 
significantly different. Incidentally, static and unsupported sitting conditions showed 
the greatest mean spinal shrinkage, as well as the highest discomfort. Kittusamy, 
Viswanathan, and Jorgensen (2006) also found beneficial effects of lumbar placed 
CPM on low back discomfort. Similar to the lumbar massage application analyzed by 
Beach et al. (2003), Kittusamy et al. (2006) analyzed the effect of applying the 
Backcyler
™ CPM device  on lumbar spine discomfort among heavy equipment 
operators. Body part discomfort surveys were answered three times during the work 
day for 8 days. The participants felt less low back discomfort (72%); low back fatigue 
(55%) and low back stiffness (36%) throughout the day when using the lumbar placed 
CPM device. 
2.4.6.2 Seat Pan Based Continuous Passive Movement Research 
There are fewer known research studies testing the utility of seat pan based 
CPM compared to backrest CPM, however, results reporting the possible benefits of 
seat pan CPM are seemingly more conclusive and consistent, and range from 
measuring back discomfort to testing intervertebral disc pressure when using CPM. 
For instance, van Deursen, Patijn, Durinck, Brouwer, van Erven-Sommers and 
Vortman (1999) tested the effect of CPM, in a moving seat pan using 1.25º axial 
rotations, on back pain. Participants with diagnosable low back pain sat for one hour 
in one of three conditions: no motion, low movement at .08Hz, and high movement at 
.2Hz. Participants scored their pain every ten minutes using a 10 interval visual 
analogue scale (VAS), and results showed less progression of back pain in the CPM  
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condition. Thirty out of the sixty participants in the CPM condition did not have an 
increase in back pain compared to only 11 out of sixty in the control group. Further 
VAS scores were significantly lower in the CPM condition (p<.001) with the lower 
.08Hz having the lowest average VAS scores.  
In addition to physical comfort, studies have measured the physiological 
effects of using CPM within a seat pan. van Deursen et al. (2000a) analyzed the effects 
of rotary seat pan CPM on edema of the legs during a prolonged, 3-hour sitting 
condition with another 3-hr sitting session used as a control. Participants with no back 
pain performed the same type of activities and sitting postures during each condition, 
and leg volume was measured at 0, 60, 120 and 180 minutes. Results showed that 
CPM significantly improved circulation and decreased edema in the lower extremities 
when compared to static sitting after sitting for the 60 minute (p=.014) and 180 minute 
(p=.041) leg volume measurement periods. The 120 minute period was statistically 
insignificant (p=.129).  
Similarly, van Deursen et al. (2000b) tested the premise that spinal stimulation 
using a rotating CPM seat pan enhanced the diffusion of nutrients, countering spinal 
shrinkage. They used a fixed frequency of .08Hz and a lateral inclination angle of 0.6º. 
Participants without back pain experienced 2, 1hr sitting conditions (one static and one 
using CPM) in which they performed reading, writing and typing office tasks. Results 
showed a significant reduction in spinal shrinkage (p=.01) with a gain of .52mm in 
stature in dynamic, rotary sitting versus a loss of .75mm in static sitting. Taking a 
closer look at the in vivo influences of CPM on the intervertebral discs, van Deursen, 
Snijders, van Dieën, Kingma, and van Deursen (2001) measured disc height and 
pressure within the nucleus pulposus of pig cadaver lumbar discs and found a 
significant increase of disc height (p<.001), as well as decrease in disc pressure 
(p<.007) when applying axial rotations up to 2º. Lengsfeld et al. (2000) used an  
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internal spinal fixator device to quantify the variation of frequency and amplitude for 
spinal moments, and loading enacted on the lumbar spine through CPM axial rotation. 
The CPM seat pan had 0.6º, 1.25º and 1.8º lateral inclination angles with a range from 
.06 to .22Hz. One participant, who had degenerative disc instability of L3-L4 and L4-
L5 lumbar spine, was used in the study. The internal fixator device was placed near 
the L4 vertebrae. Axial forces were the lowest using a low, 0.6º amplitude throughout 
the frequency range, whereas the 1.25º amplitude showed an axial force of 15N at 
.18Hz, which exceeded that of the highest amplitude 1.8º. However, the 1.8º amplitude 
showed the highest axial force for the remaining frequencies. Bending moments of the 
lumbar spine showed a similar pattern with the 1.8º amplitude producing the greatest 
bending moments throughout the frequency range, followed by the 1.25º amplitude.  
Using a frequency of .22Hz and 1.8º amplitude produced differences in load changes 
of 23N and bending force changes 0.52Nm, showing that CPM axial rotations do 
affect mechanical properties of the lumbar spine.   
Despite this range of research, measures regarding the dynamics of torso 
movement, performance, personal comfort, motion sickness, and back pain effects 
related to rotational CPM, as well as CPM speed preference according to task, are 
sparse. Although applying CPM is the unifying variable in these studies, it is unclear 
how a person moves in relation to the chair during CPM or if CPM adversely impacts 
work performance. Thus far, studies have reported the degree to which axial rotations 
occur, but none have investigated the relationship between user movement and that of 
the chair. As noted previously, people tend to assume forward tilting postures during 
task-driven activities and backward leaning postures during relaxation (Pynt et al., 
2001). Given this, measuring how much or how little a person is moving in relation to 
a rotating CPM seat pan, as well as in relation to particular task demands will help to  
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elucidate the relationship between CPM and task performance, as well as reveal how 
CPM affects body movement.  
Measures of discomfort and back pain, thus far, have largely explored lumbar 
placement CPM, which use inherently different mechanisms to massage lower back 
muscles as opposed to moving the entire upper trunk through a rotational seat pan 
device. It is possible that task-driven postural variability could reduce the utility of a 
lumbar placed CPM. The fundamental differences in CPM mechanisms, whether 
lumbar or seat pan based, could profoundly affect the experience and reports of 
discomfort and back pain. This difference could be further divided between healthy 
people and those experiencing back pain, and whether seat pan CPM has more 
therapeutic utility for back pain sufferers warrants further research. Further, to date, 
CPM studies predominantly have targeted physiological effects and discomfort 
measures and have largely ignored possible performance effects. While passive body 
movement may be beneficial physiologically, the constant movement of a chair could 
distract and disrupt a person’s mental concentration. Despite the possible 
physiological benefits, applying CPM will have little occupational utility if it impedes 
task performance, such as typing and writing. It is, thus, useful to investigate the 
possible effects of CPM on work performance, as well as on preferences associated 
with task specificity and intensity of the CPM. This would provide important insight 
to future design directions of CPM chair alternatives. Finally, rotational CPM may 
provoke motion sickness due to the constant movement of the body, a construct not 
yet addressed in CPM literature. The movement may, in turn, affect psychological 
comfort. Measuring the occurrence of motion sickness, personal comfort, performance 
and the extent of movement will be a meaningful addition to current CPM literature. 
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2.4.7 Limitations of Movement: Motion Sickness 
  Despite the undisputed benefits of movement, passively applying movement at 
certain frequencies and in sinusoidal patterns can induce and aggravate motion 
sickness. It is, thus, important to explore the dynamics of motion sickness to 
understand pronounced effects that may occur when using seat pan rotational CPM. 
Debate exists within motion sickness research regarding its direct etiology, much like 
the discourse on comfort and discomfort (Stoffregen & Riccio, 1991). However, the 
most plausible cause and more widely held belief derives from the sensory conflict or 
sensory rearrangement theory originally developed by Reason and Brand (1975), 
which proposes that disorienting incongruities between actual, willful movement, and 
perceived, involuntary movement related to external forces, such as the motion of cars, 
boats, or planes, disrupts the visual and vestibular input, resulting in sensations of 
sickness (Reason, 1978; Reason & Brand, 1975; Sanders & McCormick, 1993; 
Warwick-Evans, Symons, Fitch & Burrows, 1998). The bedrock of this theory rests in 
the effects of a discrepancy between the current experiences of movement and what is 
expected based on preconceived experience. Motion sickness can occur because of 
mismatches between predictive sensory experiences and involuntary movement, 
particularly those of the otoliths in the semicircular canals within the vestibular 
system, which translate rotational and linear movement, respectively. In this theory, 
motion sickness intensity depends on the degree of sensory conflict (Warwick-Evans 
et al., 1998) and symptoms of motion sickness typically manifest themselves as 
dizziness, nausea, and headache (Owen, Leadbetter & Yardley, 1998). Acceleration in 
a frequency range between .08 and .4Hz readily induces motion sickness (Stoffregen 
& Smart, 1998). 
Postural control theory is another motion sickness theory, which emphasizes 
that the lack of postural control and instability are antecedents and primary  
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contributors to the onset of motion sickness (Stoffregen & Riccio, 1991; Stoffregen & 
Smart, 1998). Motion sickness serves as an inverse function to stability, increasing 
linearly as stability decreases. Owen et al. (1998) assert that increased postural sway, 
symptom of reduction in postural control resulting from disorientation and 
misalignment of spatial and sensory inputs, can increase susceptibility to motion 
sickness. In this vein, Stoffregen and Smart (1998) used optical oscillations in the 
range of .1 to .3 Hz to provoke motion sickness and found significant increases 
(p<.05) in postural sway preceding symptoms in those experiences of motion sickness 
versus those who did not experience motion sickness. Trying to control postural 
reactions to imposed motion oscillations disrupts perception, increases counter-
reactions like sway, and results in the onset of motion sickness. Postural control 
theorists predict that reducing the load on postural control, or minimizing the number 
of extremities needing to be actively stabilized, will abate motion sickness. However, 
when testing the hypotheses of sensory conflict and postural instability theories, 
Warwick-Evans et al. (1998) unequivocally confirmed the sensory conflict theory 
while Warwick-Evans and Beaumont (1995) and Warwick-Evans et al. (1998) found 
no significant differences among levels of postural control or among manipulations of 
the magnitude of postural flux in inducing motion sickness, thus refuting the postural 
control theory. Though postural control theory still holds promise despite the 
speculation, the current research primarily focuses on sensory conflict theory to 
describe the processes that might induce motion sickness when passively moving a 
seated user. 
Sensory conflict might be further aggravated by combining the actions of 
maintaining postural stability while performing a task in a new motion condition. 
Yardley, Gardner, Bronstein, Davies, Buckwell, and Luxon (2001) state that 
performing visually oriented tasks that require manual and visual precision while  
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moving is a catalyst for the development of motion sickness. As discussed in sensory 
conflict theory, performing these tasks while moving can exacerbate the discrepancies 
between real and expected experiences. Maintaining task vigilance, therefore, is 
difficult when in an unstable posture as invoked by moving the body (Andersson, 
Yardley & Luxon, 1998). Postural stability, as Smart and Smith (2001) posit, is 
paramount to one’s functional ability, and maintaining a stable posture while moving 
relies heavily on the ability to focus attention on interpreting the experience. This is 
challenged when a person has to allocate attention to interpreting the experience to 
maintain a stable posture, as well as, maintain task performance. Task efficiency 
inversely correlates to postural instability induced by movement, since allocation and 
competition of attentional resources to multiple, conflicting tasks depletes the capacity 
to maintain stable postures (Andersson et al., 1998; Yardley et al., 2001). The 
consequence can be the onset of motion sickness.  
The CPM literature has not addressed the inherent nauseogenic qualities that 
constant body motion might impart. Interestingly, CPM represents an extraordinary 
convergence of all three theories. In its essence, a moving seat wildly departs from 
ordinary sitting experiences, complicating the need to interpret, categorize and 
compare the experience to precedents as sensory theory suggests. Considering postural 
stability theory, CPM by default simultaneously stirs into movement multiple 
extremities, creating the demand to counter and control the action to maintain postural 
stability. CPM is to be used in working environments, from driving to office work, 
which demand task vigilance, visual fixation and concentration. As discussed earlier, 
Stoffregen and Smart (1998) show that nauseogenic symptoms can be induced by 
mere visual oscillation of an environment; moving the body while fixating vision on a 
stationary object, as performed in computer work, could produce the same effect. 
CPM, therefore, fuses various motion sickness theories, potentially increasing the  
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probability of motion sickness. It is, therefore, expected that the novelty of a moving 
seat pan, coupled with acute exposure, coupled with visual fixation and competing 
attentional tasks of maintaining stability and task performance, may induce symptoms 
of motion sickness in susceptible persons.  
Despite motion sickness susceptibility and/or expression of symptoms, 
research notes that a person with motion sickness will eventually adapt to the new 
motion stimuli after continuous and constant exposure, and will no longer experience 
nauseogenic symptoms (Money, 1970; Reason, 1978). As Reason (1978) states, “this 
reduction in symptomatology takes place without any change in the nauseogenic 
stimulus… it is the absence of such variation that promotes its occurrence” (p. 819). 
Depending on the severity of susceptibility, reactions to motion sickness can last short 
durations, milliseconds, to longer durations, hours or days (Reason, 1978). At sea, 
adaptation time may take 2-3 days (Money, 1970). However, sustained exposure time 
allows the visual, vestibular and proprioceptive systems to interpret the new 
environment and form protective sensory adaptations that lead to the diminution of 
motion sickness symptoms. Continued exposure builds one’s experience history, so 
that future exposure to the same motion sickness situation can better relate to sensory 
system expectations, reducing the discrepancy between present stimuli and past 
experiences. As stated by Reason (1978), “the greater the number of previous adapting 
sessions, the slower the rate of adaptation decay following the last of them, and the 
higher the stable level of retained adaptation” (p. 822). Given this, acute or 
intermittent exposure to CPM may result in increased symptoms of motion sickness 
given the inability to form protective adaptations to the novel stimuli. However, in 
time, with repeated exposure to the same motion stimuli, users could adapt to the 
CPM, experiencing symptoms for shorter durations or extinguishing symptoms of 
motion sickness altogether.   
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CHAPTER 3 
RESEARCH OBJECTIVES 
 
3.1 Chair Prototype 
This study tested a pre-production CPM chair prototype with a seat pan that 
provides a user adjustable rhythmic, sinusoidal motion pattern through a rotating 
assembly beneath the seat pan surface. The chair’s seat pan moves independent of the 
seat back when turned on. The speed ranges on a continuous scale from 0 to 10, 
though 1 unit increments are indicated on the dial. The specific properties of the chair 
are later discussed in section 4.1.3.2. The designer’s intention focused on providing a 
massage-like chair seat pan movement designed to help reduce back pain in chronic 
low back pain sufferers (the designer is a low back pain sufferer). The chair design 
was not intended for normal users. The design intent assumes that constant and mild 
stimulation of back muscles will lessen stiffness and pain that often if associated with 
maintaining prolonged, static postures. Among other research objectives discussed 
below, this research sought to test the hypothesis that CPM assuages sensations of 
back pain among back pain sufferers, with healthy users (without back pain) serving 
as controls.   
3.2 Experiment One Research Objectives 
Experiment one tested the affects that a given chair speed had on several 
measures. As mentioned earlier, the chair has 10 operating speeds that are managed 
through turning a continuous design dial affixed to the base of the chair. Though the 
dial has written indicators of the speed, they are not discrete settings, allowing users to 
select half increments, as well. By continuously moving and subtly stimulating the 
body, it is expected that CPM will abate or subdue physical discomfort and ease the 
presence of back pain in those expressing symptoms. Given the need to analyze seat  
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pan based CPM affects on performance, movement, personal comfort and pain, as well 
as motion sickness, the present study measured the extent to which applying sinusoidal 
rotational CPM at a constant speed level #4 frequency affects one’s: 1) torso 
movement in relation to the moving seat pan; 2) typing, writing and mousing 
performance while the seat pan is moving; 3) presence and degree of back pain in 
those expressing symptoms after sitting on the moving seat; 4) sitting 
comfort/discomfort, both physically and psychologically, after sitting on the moving 
seat; and, 5) development of motion sickness while sitting on the moving seat.  
Based on motion sickness research, it is hypothesized that CPM will induce 
motion sickness in those susceptible. CPM is also hypothesized to disrupt task 
performance for all participants due to interference of task resource allocation, and 
negatively affect psychological comfort.  
It is also expected that CPM will improve back comfort in those with pre-
existing back pain, and will not cause back pain in those with no pre-existing back 
pain. Personal comfort for those with back pain is hypothesized to improve in the 
CPM condition, as well. Finally, it is hypothesized that users will move more during 
active tasks (typing, writing, and mousing) than passive tasks (movies), and will move 
more in the CPM condition than the static condition.  
3.3 Experiment Two Research Objectives 
Experiment two explored the association of self-selected speed setting with 
task needs and constraints. It was hypothesized that task demands will largely 
influence the rate in which a user wants or can tolerate chair seat pan movement. 
Speed is expected to fluctuate among tasks. It was hypothesized that low chair settings 
will be chosen for the performance tasks and higher settings will be chosen for 
passive, relaxation tasks. Comfort and pain variables will also be analyzed to 
determine whether user control over chair speed affects discomfort.   
  44
3.4 Experiments One and Two Measurement Objectives  
  Table 1 shows the overall constructs tested in Experiments 1 and 2, as well as 
the instruments used for measurement. 
Table 1 
Measurement Objectives and Constructs Used for Testing Effects of CPM  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Construct Instrument  Statistical  analysis 
 Experiment  1 
 
Torso movement   Tri-axial nano-accelerometer 
 Autosignal™ software 
 Multivariate, repeated   
 measures Analysis of  
 Variance 
 
Task performance 
  
 Error rate (typing and   
 writing) 
 
 Speed in characters/10 min 
 (typing and writing) 
 
 Target accuracy (mousing) 
 
 Wilcoxon Signed Ranks 
 
 
 
 
 
 
Back discomfort/  
pain 
  
 6 General Comfort Rating   
 Scales and body maps 
 
 Mann-Whitney U, 
 Wilcoxon Singed Ranks 
 
Personal comfort 
motion sickness 
 
 Post-test questionnaire  
 items 
 
 Wilcoxon Signed Ranks 
 Experiment  2 
 
 
Psychological 
comfort 
 
 Open-ended questions 
 
 Content analysis 
 
Speed preference 
 
 Speed tracking form 
 
 Modal speed 
 
Psychological 
comfort 
 
 Open-ended questions 
 
 Content analysis  
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CHAPTER 4 
METHODS AND MATERIALS 
 
4.1 Experiment One 
4.1.1 Experimental Design 
  Two testing conditions, one static and one with CPM, were used to measure 
the effects of seat pan movement on performance, back pain and discomfort, personal 
comfort factors, motion sickness and torso movement. In a repeated measures design, 
the same test chair was used for both conditions, however the movement was turned 
off for the static condition and the seat pan movement was fixed at speed level 4 for 
the CPM condition. The study tested participants with and without pre-existing back 
pain to measure the effect of CPM on back pain. Participants experienced 5 testing 
conditions where they performed 3 performance tasks (typing, writing, and using a 
mouse) which were separated by two movie relaxation tasks.  
4.1.2 Participants 
Thirty-six undergraduate, graduate and staff participants, 16 men and 20 
women, between 18-31 years of age (M= 22, SD= 3.840) were recruited from a large 
university using posted flyers and list-serve emails. Participants were divided into two 
target populations, those with existing symptoms of back pain and those with no back 
pain, and were compensated $30 for their participation. The female and male 
participant population was further divided in half: 10 pain free and 10 with pain 
female participants, and 8 pain free and 8 with pain male participants. No significant 
gender differences have been found when measuring low back pain and CPM (van 
Deursen et al., 1999) or in the general prevalence of low back pain (Deyo & 
Weinstein, 2001; Johanning, 2000). Consequently, gender effects were not analyzed in 
this study.   
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Participants’ back pain status was assessed prior to the study. Participants who 
did not have noticeable, reoccurring back pain that had existed for a substantial period 
of time and was currently present at the onset of the session were excluded from the 
study. Additionally, controlling for lack of skill and unfamiliarity, participants met 
minimum criteria of computer typing and mousing ability. 
The study was approved by the University Committee on Human Subjects 
division. Due to the nature of recruiting persons with current back pain, there was a 
minor risk that these participants might experience slight, short-term muscular 
discomfort in the study. Participants signed voluntary consent forms before 
participating and were reminded that they could quit the study if at any time they felt 
pain or discomfort and did not wish to continue.  
4.1.3 Testing Apparatus and Environment 
  4.1.3.1  Laboratory 
Participants were tested in the Human Factors and Ergonomics Laboratory at 
the university. They were asked to attend two, 1-hour testing periods directed and 
monitored by the researcher. The testing periods were separated by one week and, 
though times varied between participants, each person performed the testing sessions 
at the same time for each testing period. The study used a Dell Personal Computer 
(Optiplex) with Microsoft Windows 2000 Professional operating software, Dell Intel 
Computer Keyboard, and a Microsoft IntelliMouse® Explorer™ USB mouse. An 
electric sit-stand table allowed adjustability of table height per user specifications for 
comfort. Setting and instruments were consistent for each subject between their two 
sessions (see Figure 6).  
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Figure 6. Testing chair, work table, and computer used in Experiments 1 and 2. 
 
  4.1.3.2 Prototype Chair 
  The study tested a chair prototype with continuous passive movement (CPM) 
built in the seat pan (developed and patented by Bill Wegener; see Figure 7). The 
product was created with the original intent of enhancing lumbar flexion and pressure 
distribution for persons with back pain and other sitting related discomforts.  
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Figure 7. Prototype chair with continuous passive movement in the seat pan that is 
controlled by a rotary dial located on the chair base that is visible in image 2. 
 
The chair has traditional seat features such as adjustable seat height, backrest tilt, 
lumbar support height, and arm rest support height. The specific ergonomic features of 
the chair were not tested, but these remained the same for each condition.  
Mechanically, the seat pan moved in six, horizontal plane oriented sinusoidal 
cycles with two +/-2.5 degree axes, giving a maximum 5 degree total achievable tilt 
angle per axis. Figure 8 shows all six rotational patterns within the chair (see 
Appendix A for individual rotation graphics). Speed control was uncalibrated; 
however, the speed was fixed at #4 for all participants in Experiment 1.  
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Figure 8. Sinusoidal rotational patterns within the seat pan. Seat tilt ratio 28:24.    
Cycles 1-6. 
 
4.1.3.3 Nano-Accelerometer 
  Two nano-accelerometers, with the dimensions 0.75in L x 0.5in W x 0.75in H, 
were built to measure upper torso movement relative to the chair (see Figure 9).  
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Figure 9. Two, tri-axial nano-accelerometers developed for this study. They are 
displayed in the plastic casings that attached to the back of the chair seat pan and to a 
participant’s upper back. 
 
Accelerometry was used to analyze and quantify acceleration and body 
movements relative to gravity (Luinge & Veltink, 2004). Accelerometry has been used 
to analyze and compare extremity movements among various occupations (Estill, 
MacDonald, Wenzl & Petersen, 2000); to investigate repetitive injury and work 
related musculoskeletal disorders (WMSDs) risk in industry (Andersen & Exdahl, 
2001; Andersson, Nordgren & Hall, 1996; Bhattacharya, Mueller & Putz-Anderson, 
1985; Juul-Kristensen, Hansson & Fallentin, 2001); to draw comparisons of 
movement and subsequent risk between body parts and occupations (Grant, Johnson & 
Galinsky, 1995); to analyze posture (Hansson, Asterland, Holmer & Skerfving, 2001); 
to evaluate balance (Mayagoitia, Lötters, Veltink & Hermens, 2002; Moe-Nilssen, 
1998); and to study energy expenditure and physical activity (Bouten, Koekkoek, 
Verduin, Kodde & Janssen, 1997).  
  The study used two, tri-axial nano-accelerometers (Kionix
® KXPA4-MSM-
V2), to measure body movement acceleration according to forward (X), vertical (Y), 
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and lateral (Z) orthogonal axes. Each single-crystal silicon device was autocalibrated 
to having a 2g range, a 660mV/g level of sensitivity, 1.65V offset with operating 
voltage of 3.3V, and a temperature of -40 to +85 (see www.kionex.com). One nano-
accelerometer device, stabilized in a 1.3in L x 1in W x 0.75in H casing, was attached 
to the back of the chair in the same plane as the second encased nano-accelerometer, 
which was affixed to the participant’s upper back along the spine in between the 
trapezius muscles.  
4.1.3.4 Video-Documentation 
  Each testing session was recorded using a Hitachi VHS Video Camcorder, 
model number VM-7300A. The video tapes were coded, labeled and stored within the 
ergonomics laboratory.  
4.1.3.5 Movie Passages 
  Movie segments taken from GAIAM
® productions featuring certified massage 
therapist Michelle Kluck’s tutorial on massage reflexology and acupressure were 
displayed on the computer monitor screen via DVD software. The content of the 
movie segments was selected to minimize participant excitement, which could have 
potentially disrupted possible chair effects associated with relaxed sitting. 
4.1.4 Questionnaires 
  This study employed a variety of subjective instruments to reliably and more 
comprehensively assess one’s sitting comfort or discomfort while using CPM (see 
Table 1 in Section 3.4). 
4.1.4.1 Body Comfort (General Comfort Rating Scale/Body Map) 
Using paper and pencil, participants were asked to complete the General 
Comfort Rating Scale (GCRS) developed and validated by Shackel, Chidsey, and 
Shipley (1969) to assess their state of comfort or discomfort after each task (see 
Appendix B for GCRS). The GCRS is a bi-polar ordinal rating scale that determines  
  52
whether individuals can distinguish chair features among similar chairs using typical 
sitting situations. In Shackel et al. (1969), at given time intervals throughout the 
testing session, participants were asked to remark on their present sitting sensations 
according to a single comfort to discomfort continuous scale. To define this 11-item 
scale, a variety of statements were distributed and sorted by a select group according 
to notions of comfort and discomfort. Those without singular meaning or with dual 
interpretations were excluded, thus, creating a scale with 11 distinct grades with 10 
intervals (Christiansen, 1997; Shackel et al., 1969). Though 10 intervals separate one 
label from another, they are not of equal distance, but represent a relative progression 
towards either pole. Participants mark on the 10cm line the most representative 
statement regarding their immediate feelings. For this study, participants checked a 
box rather than marking an area on a line. To ease analysis, each grade carried a 
number from 0 to 10 with 0 representing extreme comfort and 10 being extreme 
discomfort.  
In tandem with the GCRS, participants marked on a gender specific body map 
areas of the body in which any feelings of discomfort/pain were experienced (see 
Appendix B for body map figure). The body area mapping technique is a subjective 
measurement tool that assesses localized feelings of comfort/discomfort wherein 
participants are asked to indicate the three most comfortable body parts, followed by 
the next three, and so on (Christiansen, 1997). The current study asked the participants 
to mark the body map without ranking which uncomfortable area was most prominent. 
The weight here was not the severity of discomfort per body part, but rather whether 
there was a presence of discomfort and the general assessment of that discomfort. This 
hybrid technique, pairing the GCRS with the adapted body mapping, was presented on 
a single, paper form. 
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4.1.4.2 Personal Comfort (Post-Test Questionnaire) 
At the end of Experiment 1, a comprehensive questionnaire was used to assess 
the participant’s opinions and feelings of the testing session (see Appendix C for 
questionnaire items). The questionnaire consisted of general demographic questions 
followed by twenty questions designed with a four-point level of agreement scale, 
ranging from not at all, some of the time, most of the time, to all of the time, along 
with various personal comfort statements. Following Zhang, Helander and Drury 
(1996), Helander and Zhang (1997) and, later, de Looze et al. (2003), the statements 
represented the dichotomy between comfort factors, or those principally related to 
aesthetic appeal, and discomfort factors, which are primarily associated with 
physiological attributes. Drawing from classifications delineated in Zhang et al. (1996) 
and Helander and Zhang (1997), questions measured feelings regarding comfort such 
as being supported, relaxed, and content; and, aspects of discomfort like feeling 
cramped, restless, and unsupported. They further included items related to pain, 
stability, support, dizziness, and task distraction. These questions were coupled with a 
scale that rated the relative variability of their feelings during the testing session, 
asking whether the feelings increased, decreased or had not changed. Additionally, the 
questionnaire contained items relating to susceptibility to motion sickness, as well as 
the overall effect of the chair motion, for example whether the participant became 
accustomed to the chair’s movement or was bothered by the movement at the end of 
the session.  
Finally, subjective, open-ended questions supplemented the questionnaire 
approach, allowing the participants to freely discuss their feelings and psychological 
comfort towards the sitting experience. Pointed questions sought to evoke and 
ascertain immediate feelings towards pleasing and displeasing features of the sitting 
experience and how they compared to previous experiences. In one question,  
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participants were asked to “write freely”, reflecting on physical, psychological, and 
emotional responses to the present sitting experience, as well as how those feelings 
changed. They were asked to relate the present experience to past sitting experiences. 
The questions served to flesh out embedded feelings or latent emotions that might not 
otherwise surface using pre-established, checkbox questions.  
4.1.4.3 Pain Scale 
  In Experiment 1, participants, who reported experiencing back pain, were 
provided an additional pain questionnaire targeting their history, intensity, and the area 
of back pain where they experienced pain prior to the testing sessions (see Appendix 
D for back pain questionnaire). These participants marked on a body map where they 
usually experienced their back pain, and indicated the relative intensity of this pain 
according to the Mankoski Pain Scale
© that was adapted for this study. This uses an 
11-point, 10-interval scale that correlates to functional abilities relative to pain, 
ranging from 0, or pain free, to 10, unconscious. Due to restrictions with human 
subjects and concern for the welfare of participants, individuals involved in the study 
were not severely limited by their back pain as captured in the latter part of the pain 
scale. The adapted scale used in this study was a seven point scale ending with the 
most severe condition, “Makes it difficult to concentrate, interferes with sleep. You 
can still function with effort”, requiring stronger painkillers such as Oxycotin. This 
was the most extreme allowable case. This testing instrument was combined with the 
larger, comprehensive questionnaire.  
4.1.5 Task Performance Measures 
    4.1.5.1 Typing and Writing Performance Measures 
Several performance measures that mimicked typical office work were 
employed to ascertain the affects movement might have on performance. Tasks varied 
between writing, typing and using the mouse to not only measure differences in  
  55
performance effects, but to understand variability in body motion in terms of task-
driven seated postures. Paper copy passages with standard keystroke and content 
parameters were given to the participants to be transposed either by writing or through 
typing word for word as it appeared in the passage (Appendix E for task passages). 
Participants wrote on a college-ruled legal pad using standard ink pens, while typing 
tasks transposed the passages using Microsoft Word 2000 Professional. The writing 
and typing apparatus were kept consistent during each testing condition to limit 
extraneous influence. Since performance typically is measured in terms of speed and 
error, performance was operationalized in terms of total characters typed or written per 
ten minute sections, as well as rate of error which was defined as characters typed 
incorrectly as compared to the source passage (Bhatnager et al., 1985; Liao & Drury, 
2000; Tepper et al, 2003). Errors that amounted to skipping large segments of the 
passage rather than singular typing errors were treated as one error as they were 
indicative of one, particular lapse in attentiveness and tracking. Similar to 
methodology used in Liao and Drury (2000), participants were asked to type or write 
as normally as possible to resemble one’s typical writing and typing ability. To 
neutralize content recognition, typing and writing content varied between testing 
periods, while controlling for length and complexity.  
4.1.5.2 Mousing Performance Measure 
Mousing proficiency was measured using Shoot it! (version 1.02) created by 
Gravejat and Guy, to discern effects of chair movement on mouse performance (see 
Figure 10; Gravejat and Guy, 2001).  
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Figure 10. Shoot it! by Gravejat and Guy mousing performance exercise, where one 
shoots targets using mouse clicks. 
 
Targets appeared at random for participants to shoot using common mouse 
stroke and click movements. Similar to the typing and writing performance criterion, 
performance was measured in terms of speed and accuracy and was operationalized as 
number of targets hit out of 80 possible targets during 10, 30-second shooting sessions 
with 30 second rests in between. 
4.1.6 Procedure 
All participants experienced two, 1-hour test sessions. Testing session times 
have varied in previous research, showing statistical significance for studies that range 
from two 30-minute test times (see Hedge and Ruder, 2003; Landis, Kotbar, DeGood 
& Rawlingson 1987; Stranden, 2000)  to studies that used longer test periods such as 
100 minutes (see Vergara & Page), two hours (see Beach et al., 2005; Reinecke, et al., 
1994), or three hours (see van Deursen et al., 2000a; van Dieёn et al., 2001). One-hour 
test periods were used in van Deursen et al. (2001d), which found statistically 
significant reductions of intervertebral disc pressure when using CPM, and van  
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Deursen et al. (1999), which found statistically significant effects of CPM on reduced 
reports of lower back discomfort during prolonged sitting. This shows that sitting 
discomfort can be measured within one-hour of sitting. The present study used two 
counterbalanced, one-hour test times, replicating times found in Beach et al. (2003) 
and van Deursen et al. (2000b). All measures in the present research were compared 
using test-retest, repeated measures methodology.   
One condition used the CPM, and the other used the same chair with no 
movement in order to compare a person’s baseline movement with that invoked by 
CPM. The conditions were counterbalanced to offset possible affects of adaptation, 
and the testing periods were separated by one week from the time of the initial testing 
period for each individual. Sessions occurred at the same time and day per individual 
participant to counter possible differences imposed by variable testing time conditions. 
In addition to the random assignment of counterbalanced testing conditions, 
participants randomly fell into one of six task rotations of typing, movie watching, 
writing and mousing, further addressing the potential for contaminating effects of task 
fatigue (see Appendix F for task rotation orders). Prior to each participant session, the 
chair was equalized to a point of neutral inclination using a circular leveler to establish 
a standard baseline in which to measure.  
Preceding the testing session, participants reviewed and signed a consent form 
and were verbally informed that they could quit the session if at any time they felt 
unbearable discomfort or no longer wished to continue. The chair was then adjusted to 
the unique comfort of the participant, accounting for the chair back, arm rests, and 
chair seat height, as well as the recline ability of the seat back. Insofar as they could be 
employed by the chair’s design, the chair accommodated standard ergonomic 
principles for chair posture, such as having secure, flat contact with the floor, knees 
bent at 90 degrees or more, comfortable thigh clearance, having relaxed shoulders and  
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elbows by one’s side at 90 degrees (Wright, 1993). Comfortable reach to the 
keyboard, mouse, and writing surface was maintained using an adjustable work 
surface, keyboard and mouse tray. The computer screen was adjusted approximately 
one arms length from the participant for comfortable viewing. Participants verbally 
stated their needs and confirmed that the chair felt appropriate to them at the 
beginning of the session.  
Upon making the necessary adjustments according to one’s comfort level, 
participants completed the preliminary GCRS and body map assessment that was 
adapted for this study. Five subsequent assessments followed each task. Measurement 
and placement of the ‘person’ nano-accelerometer followed, ensuring that the device 
was placed in the same plane as the ‘chair’ nano-accelerometer, which was in a 
standard position throughout the experiment. The placement of the ‘person’ nano-
accelerometer was measured and recorded to aid in the accurate placement in the 
following session. After auto-calibrating the nano-accelerometers using Kionix
® 
software and beginning video documentation, the chair was turned on to a constant 
level 4 speed, if appropriate for the condition. Participants, then, began the first of 
five, 10-minute tasks according to the rotation order, followed by the aforementioned 
GCRS and body map. CPM and dynamic sitting studies have largely asked 
participants to continuously perform standard office work (see Stranden, 2000), 
perform personal computer work (see Beach et al., 2003), or engage in non-computer 
work such as writing and reading (Beach et al, 2005) without regulating task times. 
Therefore, there were no benchmarks for how quickly or to what extent CPM might 
affect task performance. The present study used 10-minute tasks, replicating time 
frames found in Barrero, Hedge and Muss (1999) and Tepper et al. (2003) for typing 
tasks. The 10-minute task intervals also replicated the 10-minute intervals largely used 
for collecting discomfort and pain measures (typically VAS) in CPM studies (see for  
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example Beach et al., 2003; van Deursen et al., 1999; Vergara & Page, 2002), which 
corresponds to the 6 GCRS collection time intervals. Since the objective was not to 
measure task performance fatigue but, rather, to measure effects of movement on task 
performance, comfort, and other variables, the 10-minute interval was deemed an 
appropriate time interval in which to track changes in body discomfort and affects of 
movement on performance 
Short verbal instructions preceded each 10-minute task, generally asking for 
the participant to behave normally as they would in the typical situations in which they 
might type, write, use the mouse or watch a movie. For typing, for example, 
participants were asked to type normally as they would when working, despite having 
a dismantled delete button that existed to ensure an accurate assessment of keystroke 
rate of error. At the completion of the five tasks, the participants completed one last 
GCRS and body, map as well as the larger, post-test questionnaire, including the pain 
scale when appropriate. All data were saved using Microsoft Word and Microsoft 
Excel, while paper copies were maintained within the ergonomics laboratory. 
Participants returned the following week to complete the counterpart to their 
previously experienced condition. 
4.1.7 Data Analysis 
The data were entered and processed using a multivariate statistical package, 
SPSS version 13.0. For the data collected, it was assumed that the data were not 
normally distributed given the limited number of data points per condition. Several 
descriptive and non-parametric inferential statistics were used to test the research 
objectives discussed in Section 3.2. Specific analyses are described in the following 
sections. 
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4.1.7.1 General Sitting Pattern 
  Demographic questions pertaining to general sitting patterns, such as hours in 
which one sits during the workday, were graphed in terms of frequency of responses. 
Questions were asked for each sitting condition. A Kappa statistic was used to test 
reliability for items that showed inconsistency in self-reporting between conditions, 
and the average of responses was taken for these question items. 
4.1.7.2 Body Area Discomfort 
A Wilcoxon signed ranks test was used to measure the effects of movement on 
the report of specific body area discomfort across the 6 GCRS collection times and 
chair conditions (static and CPM). 
Body area discomfort was defined using the GCRS and body map responses 
over the 6 collection times (at the beginning, typing, movie 1, writing, movie 2, and 
mousing tasks) for static, as well as CPM conditions. Participants marked an area on 
the body map where they felt discomfort/pain and selected a corresponding level of 
discomfort/pain on the GCRS. The body maps were analyzed by target body areas 
according to the NIOSH whole-body diagram presented in Sauter, Swanson, Waters, 
Hales, and Dunkin-Chadwick (2004; see Figure 11).  
 
 
 
 
 
 
      
Figure 11. A NIOSH whole-body diagram used in assessing levels of pain and 
discomfort. Note. From “Musculoskeletal discomfort surveys used at NIOSH” 
(p. 4-5), In Handbook of Human Factors and Ergonomic Methods, eds. N. Stanton,  
A. Hedge, K. Brookhuis, E. Salas, & H. Hendrick, 2005, New York: CRC Press.   
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Discomfort areas were identified by only counting the frequency of discomfort 
reports that fell below the GCRS category “quite comfortable”, which was chosen as 
the division between comfort and discomfort. Reports of discomfort were counted for 
each body area across the 6 collections times. This was done for both static and CPM 
conditions. Body area discomfort (GCRS responses) for the primary body areas 
identified through this process were individually compared between the static and 
CPM conditions and across the 6 collection times using a Wilcoxon signed ranks 
analysis to determine if movement had any affect on the report of discomfort for the 
given body part.  
The GCRS responses for the primary target body areas were then summed and 
averaged to obtain a mean body discomfort score for each of the 6 collection times. 
For example, a participant who marked the lower back, upper back, and shoulder with 
#3 on a GCRS would yield a summed score of 9 for that collection time. Since 
participants could mark one body part with a #9 level of discomfort or select three 
body parts with a #3 level of discomfort and yield the same score, the summed scores 
were averaged to create one mean GCRS score for each collection time. This gave a 
more accurate assessment of the actual, overall level of discomfort for each collection 
time. Therefore, for each individual, there were 6 mean GCRS scores for the static 
condition, and 6 mean GCRS scores for the CPM condition. These 6 GCRS collection 
time mean scores for the static, as well as CPM conditions were compared between 
conditions using a Wilcoxon signed ranks analysis to determine if there was an 
influence of movement on the mean GCRS discomfort responses associated with the 6 
collection times. 
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4.1.7.3 Back Pain Status 
Mann-Whitney U tests were used to measure effects of prior back pain status 
on lower back discomfort across the 6 GCRS collection times for static and CPM 
sitting conditions.  
Mann-Whitney U tests were also used to measure whether back pain status 
prior to the start of the experiment influenced performance measures, which are 
discussed in detail in section 4.1.7.5. Typing, writing and mousing scores for both 
static and CPM conditions were the dependent variables and back pain status prior to 
the experiment was the independent variable. Back pain status was compared across 
the performance tasks for static, as well as CPM conditions. 
  Mann-Whitney U tests were also performed to test effects of prior back pain 
status on personal comfort questionnaire responses. Back pain status was compared 
across each questionnaire item for the static, as well as CPM conditions. 
4.1.7.4 Personal Comfort 
Each post-test questionnaire item was compared between the static and CPM 
conditions using a Wilcoxon signed ranks test to measure the effects of movement on 
personal comfort. Since items were paired, the questionnaire items that were specific 
to the motion of the chair, and thus were not answered in the static condition, were 
excluded from the analysis. These items were analyzed using descriptive statistics.  
4.1.7.5 Task Performance 
A Wilcoxon signed ranks test was used in comparing typing, writing, and 
mousing task performances between static and CPM conditions to measure influences 
of motion on performance. Typing performance was defined as total characters typed 
minus typing errors and skips. Writing performance was similarly operationalized, 
using total characters written minus errors and skips. Skips were defined as when a  
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person made one error which amounted to missing a series of characters. The total 
mousing score was the total targets hit during the mousing game.  
4.1.7.6 Torso Movement 
Nano-accelerometry data was first decomposed and reformed using 
AutoSignal™ version 1.7 software, which was used to analyze the output signal 
functions of the accelerometers. Signals were decomposed using a parametric 
interpolation and prediction algorithm, which is a single function that produces a 
sinusoidal model of the data signal through integrating Fourier analysis, linear fit and 
non-linear optimization. This produces the frequencies, amplitudes and phase 
components of the chair’s moving seat pan, as well as a person’s moving torso (see 
Figures 12 and 13).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Autosignal™ snapshot of parametric interpolation and predication model 
of the chair’s x-axis during a typing task in the CPM condition. 
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Figure 13. Autosignal™ snapshot of parametric interpolation and prediction model of 
a person’s x-axis during a typing task in the CPM condition. 
 
The frequencies and amplitudes were used to find momentum changes per 
second of the person, or the sum of the absolute value of the changes in acceleration, 
which was divided by the total task time to get the change per second. Drift in the 
sensors was accounted for by finding the difference between the current acceleration, 
and a running average of the acceleration. Running averages were as long as the 
period of the chair’s movement, which was 1/frequency. Since there were different 
periods for the chair’s motion in x, y and z axes, different times were selected for the 
running average in the x, y and z.  
For each measurement, every tenth of a second, the instantaneous change in 
acceleration was calculated by comparing the acceleration with the running average of 
the acceleration: 
() ( ) ()
2 2 2
z z y y x x i r a r a r a a − + − + − =  
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The sum was taken and then divided by the total time for the points used. This sum 
was proportional to the change in momentum for each participant.
4 
To analyze the actual characteristics of movement by the chair itself, as well as 
the individual, acceleration information was decomposed to the requisite amplitude 
and frequency components for each x, y and z axes. This was used to compare chair 
behavior in the CPM condition among tasks in order to discern whether it was 
behaving relatively consistently throughout the testing session and between 
participants. Chair movement in this plane reflected the actual movement of the 
participant’s buttock and hip region as they were directly affixed to the moving seat-
pan. How this translated to upper torso movement was measured using a participant’s 
momentum change per second among five tasks for both static and CPM conditions.  
Multivariate, repeated measures analyses were performed testing main effects 
between tasks, measured in terms of a participant’s torso movement or momentum 
change; pain status prior to the experiment; and CPM and static sitting conditions. 
Additionally, multivariate analyses were used to measure main effects between task 
and chair amplitude, as well as task and chair frequency. 
4.1.7.7 Psychological Comfort (Open-Ended Content Analysis) 
The open-ended section of the post-test questionnaire for the static and CPM 
conditions sought to ascertain participant’s feelings (psychological comfort) and 
subjective impressions of the sitting condition. Comments for each open-ended 
question for each condition were sorted according to content theme, and were 
analyzed, coded, and synthesized into content categories (see Sandelowski, 2000). 
They were, then, aggregated and counted in terms of how often comments of similar 
theme appeared, and were summarized and re-presented relative to the objective 
                                                 
4 Momentum = mass x velocity [kilograms x  meters/second] 
  Force = mass x acceleration [kilograms x  meters/second/second] 
  Force x time = mass x acceleration x time  
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measurement findings in this study (see Stemler, 2001; see Appendix C for open-
ended questionnaire items). 
Frequencies were compared among conditions and between tasks. For the more 
reflective, “write freely” question, particular attention was paid to emotional qualities 
embedded in the language.  
Comments were also separated according to back pain status to see if there 
were differences among participants with or without back pain in the frequency of 
their overall negative or positive comments on the chair seat pan CPM. 
4.2 Experiment Two 
  4.2.1 Experimental Design 
  The second experiment identified user preferences for chair seat pan speed 
according to particular task demands. Participants were given the ability to regulate 
the chair seat pan’s CPM speed while they performed the same task protocol as 
Experiment 1.  
4.2.2 Participants 
  Twelve participants, 6 men and 6 women, between 20 and 30 years of age 
(M=23.64 years, SD=3.472) partook in one, one-hour testing session. However, one 
male was excluded from the study as an outlier since this person displayed behaviors 
of boredom and provided data that was opposite and extreme to the common 
responses. This yielded 5 men and 6 women. Participants were recruited using the 
same protocol as experiment one, fulfilled minimum computer usage requirements, 
consented to participate according to the University Committee on Human Subjects 
protocol, and were currently experiencing back pain per the criteria presented in 
Experiment 1.  
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4.2.3 Testing Apparatus, Environment and Measures 
  Experiment 2 used the same laboratory, apparatus, materials, and measures 
employed in Experiment 1, except that the nano-accelerometers were not used. To 
gain insight into speed preference relative to task, participants completed the typing, 
writing, mousing and movie watching tasks experienced in Experiment 1, following 
similar rotational orders. The error and speed scores were not compared, however, 
since this was a single test condition and chair speed preference, rather than task 
performance, was of interest. Additionally, accompanying the GCRS and body map, 
several questions were added to the forms assessing reasons why or why not the 
participants adjusted the chair speed (see Appendix G for GCRS/Body Map figure).  
4.2.4 Speed Change Assessment 
  Time interval and level in which the chair speed changed during each ten-
minute task was recorded on a speed change sheet to be later entered and analyzed 
using SPSS version 13.0 statistical software (see Appendix H for speed change sheet).  
4.2.5 Procedure 
After reviewing and signing the consent form, adjusting the chair settings to 
meet their comfort needs, and completing the first GCRS and body map, participants 
were acquainted with the mechanical controls of the chair. They were taken through 
the range of speeds at increments of two beginning with zero or no movement; 2 or 
light movement, 4 or moderate movement, 6 representing a little more than half the 
possible speed range, 8 faster movement still; and 10 the highest hertz range available 
within the chair. Participants were instructed that they had control over the chair 
mechanism and were invited to change the setting as frequently as they wished and to 
any level they desired, choosing speeds from 0 or off to 10, full speed, at any point 
during the session. Experiment 2 followed the identical protocol as Experiment 1, 
excepting the use of nano-accelerometers. Participants completed one final GCRS and  
  68
body map, as well as the final questionnaire and pain scale, at the conclusion of the 
testing session. 
4.2.6 Data Analysis 
The data was entered and processed using SPSS version 13.0. Limited sample 
size and variability in speed in which participants experienced the tasks challenged 
drawing inferences from the data. Therefore, results were analyzed using descriptive 
statistical analyses comparing frequencies, modes and means. Descriptive statistics 
were used to aggregate questionnaire data to provide a framework for understanding 
the speed setting stereotypes that evolved for each task, as well as for the reasons for 
changing or maintaining the speed. Open-ended questions were analyzed through 
content analysis.  
  4.2.6.1 Personal Comfort (Post-Test Questionnaire Items) 
Personal comfort from the post-test questionnaire items was measured through 
descriptive statistics, identifying mean responses for grouped attributes falling in the 
categories of comfort and discomfort; feelings of sickness; sitting stability; task 
performance; and posture. Feelings specifically related to the CPM seat pan were also 
analyzed in terms of mean responses. 
4.2.6.2 Speed Settings 
Participant speed settings throughout each task condition were collected, and 
the dominant speed was selected based on the criterion of a majority of time in which 
participants sat at a chosen speed. These scores were aggregated according to task, and 
the mode, or the most frequently chosen speed per task, was used to compare among 
active (typing, writing, and mousing) and passive (movie) tasks. 
4.2.6.3 Psychological Comfort (Open-Ended Content Analysis) 
Similar to Experiment 1, participants responded to open-ended, subjective 
questions targeting their feelings of their overall sitting experience, as well as their  
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likes and dislikes of chair attributes. Using content analysis approaches, themes were 
extracted and tallied to form comment frequencies that were compared to speed 
selections among active and passive tasks.  
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CHAPTER 5 
EXPERIMENT ONE RESULTS 
 
  Statistical analyses were run to measure the research objectives discussed in 
section 3.2. The following sections discuss the results of each measure in detail. 
5.1 Body Area Discomfort (General Comfort Rating Scale/Body Map Responses) 
The frequencies of any body part discomfort that fell below the baseline “felt 
quite comfortable” were summed across all 6 general comfort rating scale (GCRS) 
collection times for the static as well as CPM conditions (see Figure 14). 
 
 
  
 
   
 
 
 
 
 
                                      
 
Figure 14. Frequencies of body discomfort for the 6 GCRS collection times for the 
static and CPM conditions (N=36). 
 
The highest counts for the body parts with discomfort for both the static and 
CPM conditions were the neck, shoulder, upper back, lower back, and hip/thigh body 
areas, as well as a generalized body area (see Appendix I and J for frequencies). Six 
participants identified only the wrist, elbow and foot as areas of discomfort. These 
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reports corresponded to either a foot condition prior to the start of the experiment or 
hand, wrist and elbow fatigue associated with writing and typing, which demanded 
more muscle exertion that may not necessarily have been directly related to an effect 
of chair movement. Analyzing those body parts with the highest frequencies for each 
of the 6 GCRS collection times, the body area discomfort ratings were compared 
between CPM and static conditions to test whether the movement of the chair 
influenced discomfort for the given body part. Wilcoxon signed ranks tests show no 
statistically significant differences in GCRS responses for the lower back, shoulders, 
and the generalized discomfort category between conditions (p>.05). The neck, upper 
back, and hip/thigh regions had too few cases to be statistically compared.  
  A  Mann-Whitney U test was also performed, comparing low back GCRS 
responses for participant’s back pain status prior to the experiment. The low back was 
used because it received high GCRS frequencies for the summed GCRS responses. 
Results for both the CPM and static conditions show no statistically significant effects 
of prior back pain status on low back GCRS scores across the 6 GCRS collection 
times (p>.05).  
GCRS means for experienced discomfort in the low back body region for 
people with and without prior back pain across the 6 GCRS collection times are shown 
in Figure 15. Results show that the mean GCRS scores were lower for people with 
prior back pain for all GCRS collection times in the CPM condition, except for the 
typing condition. The typing GCRS had a lower frequency of reported discomfort for 
those with prior back pain despite having a higher mean (n=9 for the static condition; 
n=5 for the CPM condition).  
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Figure15. GCRS low back means for those with and without prior back pain across 
the 6 collection times and CPM and static sitting conditions.      
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Results for the mean GCRS scores across the 6 collection periods show lower 
discomfort means for those who had prior back pain, and higher discomfort means for 
those without prior back pain in the CPM condition (see Figure 16). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure16. Mean GCRS scores of primary body parts across the 6 collection times for 
static and CPM sitting conditions.    
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  However, a Wilcoxon signed ranks test showed no statistically significant 
effects of motion on mean GCRS scores across the six GCRS collection times and 
sitting conditions (p>.05; see Appendix L for means and standard deviations).  
  Mann-Whitney U tests were performed to test the effects of prior back pain 
status on task performance, and there were no statistically significant effects in either 
the static or CPM conditions (p>.05).  Mann-Whitney U tests were also performed to 
test the effects of prior back pain status on the personal comfort questionnaire items. 
There were no statistically significant differences in responses for back pain status in 
the CPM condition, or in the static condition (p>.05) except for the “felt pain while 
sitting” questionnaire item (p=.029). Figure 17 shows the means for this questionnaire 
item across sitting conditions and back pain status. Results show that participants with 
prior back pain felt less pain while sitting during the CPM condition, whereas those 
without prior back pain felt more pain while sitting during the static condition.  
 
 
 
 
 
 
 
Figure 17. Means for the “felt pain while sitting” post-test questionnaire item across 
sitting conditions and back pain status. 
 
5.1.1 Body Area Discomfort Results Summary 
  Table 2 shows a summary table of the tests, tested variables, and results for 
each measurement in Experiment 1. 
 
1.4
1.6
1.8
2
2.2
2.4
Static CPM
Condition
M
e
a
n Back Pain 
No Back
Pain
  
  75
Table 2 
Summary of Body Area Discomfort Results for Experiment 1     
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2 General Sitting Pattern 
Participants were asked “how often they sit during the typical work day” and 
this was answered for each sitting session. Results showed that participant responses 
Test Variables  Results 
 
Wilcoxon Signed 
Ranks test 
  
Compared specific body area   
discomfort responses (low    
back, shoulders, generalized  
discomfort category, neck and 
upper back) between CPM and 
static conditions across the 6 
GCRS  
 
 
Compared mean GCRS        
scores between static and CPM 
conditions across the six GCRS 
collection times  
  
 No statistically significant   
 effects of motion on any body 
 part (p>.05) 
 
 (Neck and upper back had too 
 few cases to be statistically   
 compared) 
 
 
 No statistically significant  
 effects of motion on mean  
 GCRS scores (p>.05) 
 
Mann-Whitney U  
test 
 
Compared pre-existing back  
pain and no back pain GCRS   
responses for the low back for 
both CPM and static conditions  
 
  
 
 No statistically significant  
 differences between back   
 pain status groups in their   
 reports of low back   
 discomfort for either   
 condition (p>.05) 
 
 
  
Compared back pain status    
with task performance measures 
and personal comfort (post-test  
questionnaire items) for both 
static and CPM conditions 
  
 No statistically significant   
 differences in task  
 performance among people  
 with or without back pain for 
 either condition (p>.05) 
 
 No statistically significant  
 differences in personal  
 comfort according to back   
 pain status (p>.05) except for 
 “felt pain while sitting” item  
 in the static condition  
 (p=.029)  
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for the “how often one sits during the typical work day” question were different 
between the static and CPM conditions. There was a significant level of agreement for 
these responses between sitting sessions (kappa=.518, p=.000; see Appendix K for 
questionnaire results). Given this, the responses that were given for this question for 
each sitting condition were averaged. Forty-four percent of participants sat between 5 
and 7 hours per day during a typical workday (see Figure 18).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18. Time sitting during the work day. Frequency of responses averaged 
between static and CPM conditions (N=36). 
 
5.3 General Back Pain Experience  
Participants with pre-existing back pain were asked “how often they 
experienced back pain during the day”, as well as the “time in which they typically 
experienced that pain”. These were answered for the CPM and static conditions (see 
Appendix L for questionnaire results). Participant responses were inconsistent 
between conditions. There was a significant level of agreement between responses for 
how often one typically experienced back pain (kappa=.891, p=.000), as well as for 
when they typically experienced that pain (kappa=.600, p=.000). Therefore, the 
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responses for these questions were averaged across the two conditions. Thirty-six 
percent of participants experienced back pain occasionally (once or twice a day) and 
56% experienced it often (several times a day). Fifty-eight percent of participants said 
that back pain usually occurred after sitting for an hour or more (see Figure 19 and 
20). 
 
 
 
 
 
 
 
 
Figure 19. How often back pain is typically experienced per day. Frequency of 
responses averaged between static and CPM conditions (N=18).  
 
 
 
 
 
 
 
 
 
 
Figure 20. Time when back pain is usually experienced. Frequency of responses 
averaged between static and CPM conditions (N=18). 
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5.4 Chair Motion Affects on Personal Comfort (Post-Test Questionnaire Items) 
There were statistically significant differences in responses to several personal 
comfort post-test questionnaire items between conditions, and these are shown in 
Table 3. The item “felt chair limited mouse use” was marginally statistically 
significant (p=.063). All other items were statistically insignificant (p>.05; see 
Appendix L for means and standard deviations). The means for all items were higher 
in the CPM condition, and higher means represent more negative feelings.  
Table 3 
Wilcoxon Signed Ranks Results Table Comparing Personal Comfort Post-Test 
Questionnaire Items between CPM and Static Conditions 
Post-test questionnaire item 
(N=36) 
Static   
condition 
M          SD 
CPM 
condition 
M         SD 
 
 
p 
Felt nauseous or sick  1.00  0  1.23  .547  .023 
Felt dizzy while sitting  1.09  .284  1.37  .690  .024 
†Felt stable and balanced  1.47  .654  2.51  .981  .000 
Felt distracted or had difficulty 
concentrating  1.61 .549 2.09 .562 .001 
Felt unstable or as if one could 
slip out  1.08 .500 1.53 .615 .003 
Felt chair limited ability to type  1.11  .319  1.66  .802  .001 
Felt chair limited ability to write  1.09  .284  1.58  .841  .001 
Note. Items marked with 
† were reverse coded. A high score for this item represents 
more negative feelings.  
5.4.1 Movement Specific Items 
When asked whether they did not like the CPM of the chair, 36% of 
participants answered “not at all”, 25% answered “some of the time”, and 25% 
answered “most of the time”.    
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When asked “whether they liked the movement of the chair”, 12 answered 
“most of the time”, but 18 participants responded less favorably with 10 of these 
reporting that they liked it “some of the time” and 8 saying they “did not like it at all”.  
Fourteen percent of the participants felt massaged by the seat pan CPM “all of 
the time”, 28% felt massaged “most of the time”, 39% felt massaged “some of the 
time”, and 17% did not feel massaged at all. 
Assessing the overall sitting experience during the CPM condition, most 
participants (69%) were not bothered by the CPM by the end of the sitting session, 
stating that they either did not notice the movement (n=2) or that they still noticed the 
movement but were not bothered by it (n=23). Thirty-one percent of participants 
affirmed being bothered by the CPM by the end of the session. 
Figure 21 shows the means across back pain status for the movement specific 
items, and results show that people with back pain marginally responded more 
favorably. 
 
 
 
 
 
 
 
 
Figure 21. Mean responses for movement specific personal comfort post-test 
questionnaire items. 
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participants were susceptible and of those 16, the highest inducers of motion sickness 
were boats (n=11), cars (n=10), and air travel (n=8).  
When asked whether they felt motion sickness with CPM, 72% (n=26) of 
respondents did not feel motion sickness while 9 participants felt sick “some” (n=6), 
“most” (n=2) or “all of the time” (n=1).  
5.5 Chair Motion Affects on Typing, Writing and Mousing Performance 
There were no statistically significant effects of chair seat pan motion on 
typing, writing or mouse performance (p>.05; see Appendix M, N, and O for 
performance data). 
5.6 Chair Motion Affects on Torso Movement, Chair Amplitude and Frequency 
For the constant speed setting # 4, the cumulative frequency range of the chair 
seat pan for the 3 performance and 2 movie tasks varied from a minimum .032Hz in 
the X-axis to a maximum .079Hz in the Y-axis, falling just below the minimum range 
requirement for motion sickness (see Table 4 and Appendix P for frequency ranges).  
Table 4 
 Chair Seat Pan Minimum and Maximum Frequencies across Tasks  
Task  X-axis (Hz)  Y-axis (Hz)  Z-axis (Hz) 
N=36  Min  Max Min Max Min  Max 
Typing .03221  .04742  .03217  .07431  .03758  .05532 
Movie 1  .03181  .04195  .03183  .07908  .03711  .04895 
Writing .03189  .04198  .03187  .07703  .03720  .05983 
Movie 2  .03215  .04715  .03211  .07920  .03750  .05503 
Mousing .03163  .04769  .03165  .07901  .03689  .05563 
            
There were no main effects (p>.05) between pain status and task-specific 
participant momentum changes per condition, nor were there effects between pain 
status and sitting condition (p>.05), showing that people with and without back pain  
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did not behave differently among sitting conditions or while performing tasks. The 
sphericity assumption was not achieved; therefore, the Greenhouse-Geiser adjustment 
was used. There was a statistically significant main effect of tasks on participant 
momentum changes [F(3.334, 106.687)=17.285, p=.000]. Table 5 shows the 
participant momentum change means and standard errors for the five tasks. 
Participants moved more in the active typing, writing and mousing tasks versus the 
passive movie tasks (see Appendix L for output). 
  
Table 5 
 
Means and Standard Errors for Participant Momentum Changes According to Task 
 
 
 
               
  
  
  There was a statistically significant effect of chair sitting conditions on  
participant momentum changes [F(1, 32)=26.531, p=.000]. Table 6 shows the means 
and standard errors of participant momentum changes for the CPM and static 
conditions. Participants moved more in the CPM condition. There was no interaction 
between participant momentum changes per task and participant momentum changes 
per sitting condition (p>.05; see Appendix L for output).  
Table 6 
Means and Standard Errors for Participant Momentum Changes According to Chair 
Condition 
   
 
 
 
Tasks (N=36)  M  SE 
Typing  .196  .009 
Movie 1  .153  .012 
Writing  .272  .016 
Movie 2  .188  .021 
Mousing  .265  .020 
Chair condition  M  SE 
CPM  .241  .014 
Static  .189  .012 
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There were no statistically significant main effects between pain status and 
task (p>.05); between amplitude and task (p>.05); or between frequency and task for 
the chair in the CPM condition (p>.05). 
5.7 Psychological Comfort (Open-Ended Questions) 
5.7.1  Chair Attribute Questions 
Table 7 shows aggregated subjective comments regarding chair attributes that 
were most and least liked for the static and CPM conditions.  
Table 7 
Frequencies of Chair Attributes Participants Least and Most Liked for Static and     
CPM Conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Attributes/Comments (N=36)        Liked most                  Liked least 
  Static CPM Static CPM 
Back rest      
Lower  back  support  4 2 8 3 
General  back  7 4 5 3 
Back  rest  adjustability  1 0 0 1 
Back rest shape  4  4  2  0 
Back rest height  0  0  0  2 
Total 16 10 15 9 
Seat       
Seat pan curvature/shape  2  1  0  1 
Overall  seat  comfort  2 1 0 0 
Seat  stability/support  1 1 0 0 
Seat  height  3 2 2 0 
Seat  length  1 1 1 0 
Seat  width  2 1 0 0 
Total 11 7  3 1 
Armrest      
Armrest size   3  1  1  1 
Armrest  cushion/comfort  8 2 0 1 
Armrest  adjustability  4 0 1 1 
Armrest  height  0 2 4 1 
Armrests get in the way when  0  0  4  1 
Distance of armrests to chair  0  0  4  2 
      Distance between armrests and 
back of chair 
0 0 0 2 
Total 15 5 14 9 
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Table 7 (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Many of the responses were related to the aesthetic qualities of the chair and 
not directly related to the chair’s motion. Due to the prototype nature of the chair, 
aesthetic and physical properties were not considered variables of interest for this 
study. However, it is worth noting that most people were satisfied with the level of 
cushion provided in the prototype, though they would prefer higher back support and a 
more accommodating lower back rest. Other themes targeted the armrests, noting the 
comfort in padding and size as “liked most” items, and distance of the armrest to the 
person and the back of the chair as “liked least” items. 
Table 8 shows the extracted themes derived from motion-specific comments of 
least and most liked chair attributes. Full transcripts for each question are provided in 
Appendix Q and R. 
 
 
 
Attributes/Comments (N=36)         Liked most                 Liked least   
  Static CPM Static CPM 
G e n e r a l       
Basic comfortable office chair  2  1  0  0 
Overall support/stability  of  1 2 0 0 
Cushion/padding of chair  21  14  0  0 
Overall  adjustability  0 1 0 0 
Foot  support  0 1 4 0 
Wheels (in the way)  0  0  0  1 
Total 24 29  4  1 
O t h e r       
Rigid chair support  0  0  6  2 
No head/upper back/neck  0  0  3  4 
Uncomfortable when watching 
movies 
0 0 1 0 
Total 0 0  10  6 
Total comments  Positive  
 66                51 
Negative  
46                 26  
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Table 8 
 
Motion Specific Attributes Participants Least and Most Liked        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Note. The total negative motion comments category includes the two negative 
comments that were in the “liked most” category. 
- Indicates items that were not applicable for this sitting condition. 
Attributes/Comments (N=36)    Liked  most         Liked least 
Motion specific comments 
Silence of motor  1  0 
Massaging nature of movement  3  1 
Movement 11  8 
Total 14 9 
Situation specific motion comments    
Movement during movie (but not 
while concentrating) 
1 0 
Movement (but too much caused 
pain) 
1 0 
Movement (but not forward)  1  0 
Total 3 0 
Comments provided in ‘liked most’ 
category but are negative    
Liked movement initially (but 
became annoying) 
2 0 
When seat was not moving  1  0 
Total 3 0 
Specific motion comments noted in 
‘liked least’ category    
Movement (kept slipping out)  -  4 
Movement (gave lower back, back, 
neck pain) 
- 4 
Movement (lifted feet off ground)  -  2 
Movement (moves you into wrong 
position, hard to keep posture) 
- 3 
Movement (dizzying effect of 
motion. Didn't like motion at all) 
- 1 
Movement (was distracting)  -  1 
Movement (forward movement of 
chair) 
- 1 
Total 0 16 
Total conditional 
motion comments
3
Total positive 
  
14
Total negative 
 
28 
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Topic counts for the CPM condition show twice as many cumulative negative 
comments as positive comments. There were fourteen unconditional comments in 
favor of the chair motion with 3 situational comments, noting that the motion was 
largely pleasant except for certain pitches of the chair or during specific tasks that 
demanded more concentration. However, the majority (n=28) of motion specific 
comments were negative, remarking on a variety of elements that could be improved 
upon. Of these, apart from general dislike of the movement (n=8 comments), the 
sensation of slipping out of the chair and exacerbating back pain were the most noted 
negative comments with 4 comments each.  
CPM condition comments for least and most liked attributes were further 
separated according to participant back pain status (pre-existing back pain and no back 
pain). Comments were coded from a macro level, separating each time a participant 
had a negative or positive comment towards the chair’s motion, rather than looking at 
the specific topics and content of those comments that are shown in Tables 7-8. Table 
9 shows the overall positive and negative comments according to back pain status.  
Those without prior back pain had more negative (n=14) and less positive (n=6) 
comments towards the chair’s CPM than those with back pain (n=9 positive and n=9 
negative comments). 
Table 9 
Frequency of Positive and Negative Comments for Least and Most Liked Attributes    
across Participant Back Pain Status 
Back pain  No back pain  Comments related to the chair’s 
CPM (N=36)  Negative  Positive  Negative  Positive 
Motion specific attributes that 
were least liked 
7 0  13  0 
Motion specific attributes that  
were most liked 
2 9  1  6 
Total comments  9  9  14  6 
Indistinct comments  1  2  
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  5.7.2 “Write Freely” Question Assessing Overall Sitting Experience 
In the static condition, comments highlighted the cushion and comfort of the 
chair as positive aspects of the sitting experience. Others identified rigidity in 
adjustability and poor back support as negatively affecting the sitting experience. For 
the CPM condition, some said the motion was soothing during the movie tasks and 
others addressed the massaging nature of the chair as beneficial to the sitting 
experience. The majority of comments (n=46) suggest negative reaction to the motion, 
noting feelings of distraction, irritation and sickness, to name a few. A full transcript 
of the individual comments is provided in the Appendix Q and R. Tables 10 and 11 
show the frequency of negative and positive comments associated with the chair 
conditions. 
Table 10 
Static Condition “Write Freely”  Topic  Trends        
         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comments (N=36)  f 
Positive topic trends   
Chair features   
Cushions 1 
Supportive armrests  1 
Back rest is nice to lean back on while watching movies  1 
General comfort    
Generally comfortable, enjoyable chair    13 
Liked chair, did not need to adjust position  4 
Other  
Could concentrate better without the motion  1 
Total 21 
Negative topic trends   
Chair features   
Need backrest extension  2 
Poor armrest adjustability  2 
Poor head/neck support  1 
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 Table 10 (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11 
CPM Condition “Write Freely” Topic Trends  
 
 
 
 
 
 
 
 
 
 
 
Comments (N=36)  f 
Positive topic trends   
Task related   
Felt motion helped back pain during movie  1 
Soothing, relaxing, liked movement for movie exercise  5 
Back related    
Massaged/relaxed lower back muscles  1 
Liked movement on lower back  3 
Reduced back discomfort/pain  1 
Stretched back nicely  1 
General comfort   
Felt less need to adjust position  3 
Grew to not notice/like the chair movement  5 
Liked movement  4 
Very comfortable  2 
Felt like a massage  1 
Motion was pleasant distraction    1 
Total 28 
 
 
Comments (N=36)  f 
Task related    
Writing was problematic due to armrest problem  1 
Writing intensely induced tension in shoulders  1 
Pain changed according to tasks  1 
Mousing exercise was uncomfortable  1 
Felt discomfort/restlessness related to tasks  4 
General comfort   
Was more concentrated on posture/could not sit in normal 
posture 
3 
Increasingly became restless  8 
Increasingly became uncomfortable  4 
Felt pain  2 
Usually am able to move around more in the chair/couldn’t 
adjust position 
5 
Other  
Dislike chair immensely    2 
Total 37 
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Table 11 (Continued) 
Comments (N=36)  f 
Negative topic trends   
Chair features   
Need more flexibility with back rest  1 
Armrest adjustability is poor  1 
Task related   
Movement’s distracting/annoying especially during movies. 
Tasks distract you from thinking about movement 
4 
Movement distracted, interfered with tasks (like writing, 
typing, mousing). Was annoying/irritating/bothersome/did not 
like 
9 
Didn’t quite like movement. Tasks helped to distract  1 
Movement least helpful for typing because you lean forward 
and lose contact with back rest 
1 
General comfort, posture   
Motion induced pain  7 
Constantly needed to adjust position/Couldn’t get 
comfortable/Keep a good posture without straining muscles 
4 
Uncomfortable when moving  1 
Increased feelings of nausea   1 
Psychological comfort   
Felt unbalanced at certain angles (may have hindered tasks)  2 
Movement became more annoying (to point of not 
liking/hating it) 
3 
Lifted feet off the ground. Was annoying.  1 
Movement was irritating, too much like a ride  1 
Makes you sleepy (soporific effect)  2 
Comments with recommendations   
Don’t think chair works well. Would be better if motion were 
at lower back 
1 
Would prefer less motion, maybe vibration instead of swaying  1 
Would prefer having controls to adjust speed, would regulate 
based on back pain 
3 
One hour is too much motion. First half was okay, but not full 
hour 
1 
Should be intermittent with random length intervals  1 
Total 46  
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Table 11 (Continued) 
 
 
 
 
 
 
 
 
Summing the overall positive and negative comments for the static and CPM 
conditions, participants more readily commented on chair aspects they did not like 
(n=83) versus attributes they liked (n=49). Additionally, people had more to say in the 
CPM condition (n=85) as opposed to the static counterpart (n=58), and, of these 
comments, there were more negative remarks (n=46) than positive (n=28; see Table 
12). Eleven other comments were indistinct in whether they were completely positive 
or completely negative statements, but they all pertained to the motion of the chair’s 
seat pan.  
Table 12  
Cumulative Positive and Negative “Write Freely” Comments 
Static CPM  Topic trends (N=36) 
Negative Positive  Negative  Positive 
Total trends extracted from the 
write freely responses 
 
37 
 
21 
 
46 
 
28 
Total comments 58  74
† 
Note. 
† There are an additional 11 indistinct comments related to the CPM. 
 
Moreover, evident in this section of the questionnaire were more emotive, 
adjectives that reflect the power of the feelings embedded in the general comments. 
Comments (N=36)  f 
Indistinct topic trends (these comments did not exclusively fall into 
one category) 
 
Related to motion   
Grew to move with the chair and not resist it as much  1 
Not mentally distracting  3 
Felt annoyed by movement at beginning, but grew used to it  3 
Related to not having motion   
Miss the movement (written in no motion condition)  1 
More enjoyable because of lack of movement  2 
Other  
No change in feelings throughout session  1 
Total  11  
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For instance, people used terms such as annoying, irritating, and hate as reflexive 
language towards the chair’s motion. Others mentioned that they loved or missed the 
motion and that it felt soothing. This shows a certain polarity the chair conjures: those 
who really enjoyed and those who really detested the chair’s motion. The following 
are example comments for the CPM condition: 
Positive: “Overall, I really liked the chair, it was really relaxing 
during the movies to have the movement, but when I was 
concentrating on typing or shooting I barely even noticed it. By the 
end, I think I was more susceptible to tilting with the chair. At the 
beginning, I was trying to stay straight and by the end I was just 
going with the flow.” 
 
Negative: “Initially, the chair felt very comfortable and supportive. 
The motion was relaxing and I felt balanced. As time went on, I 
felt the need to adjust my posture and I began to experience 
annoyance with the motion. Back pain ensued. Currently, I hate the 
motion and it is very annoying and it is mentally stressful.” 
 
Looking specifically at the CPM condition in Table 11, free written comments 
were almost exclusively related to the motion component of the chair. In terms of 
movement and task, people predominately felt that the motion was a distraction from 
the task at hand, which became irritating as the session continued. This manifested 
itself differently among passive and active tasks. For the active tasks such as typing, 
writing and mousing, 10 comments suggested that the movement interfered with task 
performance, while 5 commented that the mere sensation of motion was distracting 
and a nuisance for the movie tasks. However, 5 comments highlighted the soothing  
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and massage-like qualities the chair motion imparted, especially during the movie 
segments that required less attention. Five comments featured the chair motion as 
being beneficial to the back either in terms of reducing pain, stretching the back, 
massaging the low back muscles or generally helping the low back. However, many 
more comments focused on physical and psychological discomfort from the motion. 
Specifically, 7 comments said that the motion induced pain, 4 others felt strained and 
uncomfortable from constantly adjusting posture, and an additional comment reflected 
feelings of nausea.  
In terms of psychological comfort, while 5 mentioned the motion was soothing 
during movie tasks and another found it to be a pleasant distraction, 14 comments 
asserted that the motion was annoying or irritating either due to too extreme 
movement, task interference or a general dislike for the movement. Seven comments 
provided recommendations for improving the placement or extent of movement, 
noting that the movement may be better served if it was placed at the low back, if it 
was provided in vibration form, if it were intermittently on and off, or if one were 
given controls for adjusting the speed.  
CPM condition comments for the “write freely” question were further 
separated according to participant back pain status similar to the least and most liked 
attribute questions. Table 13 shows the total positive and negative comments in terms 
of overall negative or positive feelings towards the seat pan motion, rather than 
specific comments.  Those with prior back pain had more positive comments towards 
the chair’s motion than those without prior back pain (n=12 and n=4, respectively). 
There were twice as many negative comments from those without prior back pain 
(n=12) than those who had prior back pain (n=6). 
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Table 13  
Frequency of Positive and Negative Comments for the “Write Freely” Question 
across Participant Back Pain Status 
Back pain  No back pain  Positive and negative comments 
related to the chair’s CPM 
(N=36)  Negative Positive  Negative  Positive 
Write freely comments  6  12  12  4 
Indistinct comments  1  2 
 
Finally, participants discussed how the chair compared to typical sitting 
experiences. The comments were pooled in terms of whether the experience was 
similar, better, worse, or merely different from normal sitting situations (see Figure 
22).  
 
 
 
 
 
 
 
 
 
Figure 22. Frequency of how the chair experience related to one's typical sitting 
experience in Experiment 1 (N=36). 
 
The category ‘different’ represents those who submitted comments such as, “it 
certainly was different from my typical sitting experience”, which has neither a 
positive “better” nor a negative “worse” charge.  
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CHAPTER 6 
EXPERIMENT TWO RESULTS 
 
This experiment focused solely on measuring speed preferences among active, 
performance tasks and passive, relaxing tasks for participants with back pain. 
Subjective responses were examined to see how speed-change actions corresponded 
with personal and emotional responses to the chair’s motion. These results are 
discussed in detail in the following sections.  
6.1. Body Part Discomfort (General Comfort Rating Scale/Body Map Responses)  
The highest count of body part discomfort across the 6 GCRS collection times 
were the neck, upper back, shoulder, lower back, and generalized discomfort category 
(see Figure 23). The frequencies represent body part discomfort that fell at or below 
the GCRS ‘quite comfortable’ baseline for comparison as discussed in sections 4.1.7.2 
(see Appendix V for frequencies). 
 
 
 
 
 
 
 
 
 
 
 
Figure 23. Frequencies of body part discomfort summed across the 6 GCRS collection 
times for Experiment 2 (N=11). 
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The mean GCRS scores by task show that body part discomfort responses were 
relatively similar across the 6 GCRS collection times (see Table 14). Results from a 
Friedman test show no statistically significant differences among the 6 GCRS 
collection times (p>.05). 
Table 14 
GCRS Mean Scores and Standard Deviations for the Six Collection Times 
 
 
 
 
 
 
 
 
 
6.2.3 General Sitting Description and Pain Demographics 
 
6.2 General Sitting Pattern and Pain 
When asked “how long they typically sit during a normal work day”, 3 
participants reported sitting between 7 and 9 hours per work day, 6 respondents 
reported sitting between 5 and 7 hours per day, and 3 sat between 3 and 5 hours. This 
was similar to the results found in Experiment 1. Of that sitting time, 3 reported 
feeling pain whenever they sit, 5 others noted feeling back pain after sitting for an 
hour, and 3 participants felt pain only after sitting for a long time or more than two 
hours. Participant frequency of back pain per day reflected a similar trend. Three 
reported feeling pain “all the time” or persistently, 5 felt pain “often or several times a 
day”, and 3 felt pain “occasionally” or once or twice per day. 
 
 
 
GCRS Collection times (N=11)  M  SD 
Beginning mean GCRS  3.36  1.12 
Typing mean GCRS  4.00  1.73 
Movie 1 mean GCRS  3.45  1.63 
Writing mean GCRS  3.36  1.69 
Movie 2 mean GCRS  4.18  2.56 
Mousing mean GCRS  4.45  2.46  
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6.3 Personal Comfort Grouping Attributes (Post-Test Questionnaire Items) 
6.3.1 Comfort and Discomfort  
To ease presentation, post-test questionnaire items were grouped according to 
item similarity (see Appendix S for questionnaire results). The comfort/discomfort 
attribute group contained the items: felt pain; felt comfortable; felt restless, annoyed, 
and tense; and felt relaxed and content. Results are shown in Figure 24. Overall, 
participants seemed to feel reasonably comfortable.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24. Frequency of responses to the comfort/discomfort post-test questionnaire 
items (N=11). 
 
6.3.2 Feelings of Sickness  
Six of the 11 participants were not susceptible to motion sickness while the 
remaining 5 reported being predominately susceptible to boats and cars motion 
sickness inducers (see Figure 25).  
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Figure 25. Susceptibility to motion sickness frequencies for Experiment 2 (N=11). 
 
The feelings of sickness attribute was assessed by the questionnaire items: felt 
nauseous, felt motion sickness, and felt dizzy. Three people reported feeling nauseous 
or dizzy some of the time, while the remaining 8 did not feel sick at all during the 
sitting session. Only one person reported feeling overall motion sickness, and this was 
“some of the time”. 
6.3.3 Sitting Stability  
Sitting stability was assessed by 4 questionnaire items: felt stable and 
balanced; felt distracted, had difficulty concentrating; felt unstable or could slip out of 
the chair; and felt the movement limited the mouse use. Responses among participants 
varied considerably and are shown in Figure 26.  
 
 
 
 
 
 
 
 
 
 
Figure 26. Frequency of responses to the sitting stability post-test questionnaire items 
(N=11). 
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6.3.4 Task Performance  
Task performance was assessed by 3 questionnaire items: had difficulty 
viewing/reading task; felt the movement limited typing ability; and felt the movement 
limited writing ability. Results are shown in Figure 27. Respondents were largely not 
affected by movement in their abilities to read or view a task (n=7), type (n=7), or 
write (n=6). 
 
 
 
 
 
 
 
 
Figure 27. Frequency of responses to the task performance post-test questionnaire 
items (N=11). 
 
6.3.5 Posture                                                                      
Posture was assessed by the questionnaire items: felt supported by the chair; 
could maintain a comfortable posture; and felt like one was in an awkward posture. 
Participants largely felt that they were not affected by the movement in terms of 
posture (see Figure 28).  
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Figure 28. Frequency of responses to the posture post-test questionnaire items (N=11). 
 
  6.3.6 Feelings Specifically Related to the CPM Seat Pan 
  Whether participants liked or disliked CPM was assessed by the questionnaire 
items: did not like the movement, liked the movement, and felt massaged by the 
movement. One person did not like the movement at all, 1 other did not like it “most 
of the time”, 4 participants did not like the movement “some of the time”, while 5 
liked the movement “all of the time”. Similarly, 2 participants reported they liked the 
movement “all of the time”, 4 liked it “most of the time”, 3 “some of the time”, and 2 
did not like it at all. Five people reported feeling massaged by the chair seat pan 
movement “all of the time” while 4 felt massaged only “some of the time”, and 2 
others did not feel massaged at all. 
6.4 Task Affects on Speed Settings 
6.4.1 Speed Preference Trends 
  Figure 29 shows the most frequent speeds chosen among the 11 participants 
for active tasks (typing, writing and mousing) and passive tasks (movie 1 and 2). 
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Figure 29. Common speed settings among active and passive tasks. (N=11). 
Note. Active task themes centered on maintaining concentration and limiting   
distractions. Passive tasks centered on being relaxed and content. 
 
Participants predominantly preferred having no motion for active tasks and moderate 
movement for passive tasks that required less concentration (see Appendix T for speed 
preference results). 
Figures 30 and 31 show results for the specific active and passive task speed 
distinctions.  
 
 
 
 
 
 
 
 
 
Figure 30. Active tasks: Frequency of speed spent the majority of the time (N=11). 
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Figure 31. Passive Tasks: Frequency of speed spent the majority of the time (N=11). 
 
6.4.2 Reasons for Selecting the Beginning Speed 
In tandem with answering the GCRS/body map forms, participants were asked 
to give reasons as to why they selected the initial speeds for each task. These reasons 
were aggregated and are shown in Table 15. For both active and passive tasks, 
participants equally selected the beginning speed, fast or slow, because the movement 
was relaxing. More intriguing responses are those related to the amount of movement 
they preferred given the task. For active tasks, only 3 responses indicated wanting a lot 
of movement as a reason for selecting the beginning speed, while many more 
responses wanted little movement (n=12) or no movement (n=10). Only 8 responses 
fell evenly into these criteria for passive tasks. Additionally, concentration, supported 
posture and reducing discomfort, pain and tension were important factors for choosing 
speeds for both passive and active tasks, regardless of the speed setting selected.  
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Table 15 
Reasons for Selecting the Beginning Speed              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Tasks 
Reasons given 
(N=11) 
Typing Movie 
1 
Writing Movie 
2 
Mousing 
 
TOTAL 
Active  Passive
Speed/movement 
felt relaxing 
5 8 3 5  5  13  13 
Movement 
supported posture 
5 6 4 5  6  15  11 
Wanted a lot of 
movement 
1 0 2 1  0 3  1 
Could 
concentrate well 
3 5 3 3  4  10  8 
Movement kept 
one mentally alert 
3 4 2 1  2 7  5 
Movement 
reduced 
discomfort, 
tension 
4 5 3 3  3  10  8 
Wanted little 
movement 
4 1 4 3  4  12  4 
Felt less back 
pain 
3 3 2 3  3 8  6 
Wanted no 
movement 
4 1 4 3  2  10  4 
Other  comments           
Didn’t like 
movement, felt  
uncomfortable/ 
couldn’t 
concentrate       
1 - - -  - 1  0 
Felt could 
concentrate given 
task (movie) 
- 1 - -  - 0  1 
Felt tired, didn’t 
want to turn on 
chair 
- - 1 -  - 1  0 
Readjusted 
position then 
turned motor off 
- - - 1 - 0  1 
Note. – Indicates comments that were not given for the task condition.  
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While many participants changed the speed level during a task, several did not. 
Participants who elected not to change the setting provided open-ended reasons for not 
changing the level, which were aggregated according to relative theme (see Table 16).  
Table 16 
Reasons Listed for Not Changing the Speed Settings 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Themes for active tasks largely centered on maintaining concentration and 
limiting distractions, whereas passive movement comments used language such as 
being relaxed and content. Others did not change the speed because they simply did 
not like the movement and wanted to keep the motor turned off. 
 
 
Tasks  Reasons given 
(N=11)  Typing Movie 
1 
Writing Movie 
2 
Mousing 
 
TOTAL 
Active      Passive
Needed to keep 
focused on task, 
movement was 
too distracting 
2 0 3 0  1  5 0 
Became used to it 
and didn’t want to 
change 
1 0 0 0  0  1 0 
Body felt 
appropriate to task 
1 0 0 1  0  1 1 
Felt relaxed, 
content with speed 
1 4 0 1  1  2 5 
Felt movement 
would make me 
dizzy and distract 
me 
1 0 0 0  1  2 0 
Didn’t like 
movement 
0 1 1 0  0  1 1 
Kept speed as it 
was, off 
0 0 1 1  0  1 1 
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6.4.3 Reasons for Changing the Speed Setting 
Participants selected multiple reasons that applied to wanting to change the 
speed level, and these were combined according to task frequency, as well as active 
versus passive tasks (see Tables 17 and 18).  
Table 17 
Reasons for Changing the Speed Setting Related to Wanting Less Movement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Tasks 
Reasons given 
(N=11) 
Typing Movie 
1 
Writing Movie 
2 
Mousing 
 
TOTAL 
Active      Passive
Speed was too 
fast 
2  2 2 1  4  8 3 
Movement was 
too extreme, 
wanted less 
1  2 1 1  4  6 3 
Had difficulty 
concentrating 
2  2 1 1  3  6 3 
Body was 
moving too 
much 
0  0 2 0  2  4 0 
Began to feel 
pain in back 
0  0 0 0  1  1 0 
Movement 
became 
annoying 
1  1 2 0  1  4 1 
Movement 
affected task 
ability 
3  0 1 1  3  7 2 
Didn’t like 
movement, 
wanted less 
1  3 1 1  3  5 4 
Movement was 
stressful 
1  1 0 0  2  3 1 
Began to feel 
dizzy 
0  1 1 0  1  2 1 
Movement 
restricted 
sitting posture 
0  2 0 0  1  1 2 
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Table 18 
 
Reasons for Changing the Speed Setting Related to Wanting More Movement  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Participants largely chose reasons related to wanting less movement for both 
active and passive tasks, though the response frequency was higher for active tasks in 
this category. Here, participants felt that the movement affected task ability (n=7), that 
the speed was too fast (n=8), or the movement was too extreme (n=6) and had 
difficulty concentrating (n=6). These items received the highest frequencies in the 
active task category with passive task counterparts showing lower counts of 2, 3, 3 and 
3, respectively. Passive task cumulative totals saw their highest frequencies in the 
“reasons for wanting more movement” category with 5 comments related to feeling 
 Tasks 
Reasons given 
(N=11) 
Typing Movie 
1 
Writing Movie 
2 
Mousing 
 
TOTAL 
Active Passive 
Movement was too 
slow, wanted more 
0  1 1 3  1  2  4 
Movement wasn’t 
noticeable enough 
0  0 0 0  0  0  0 
Wanted body to 
move more 
0  0 2 2  1  3  4 
Was bored with 
movement, wanted 
more 
1  1 3 2  1  5  3 
Felt movement was 
calming, relaxing. 
Wanted more 
0  2 1 3  1  2  5 
Liked movement, 
wanted more 
0  0 0 2  1  1  2 
Began to feel tired  1  2  0  2  1  2  4 
Body began to ache 
(sore, stiff, tender) 
0  3 1 0  2  3  3 
Grew used to 
movement, wanted 
change 
0  1 1 0  0  1  1  
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calm and relaxed with the movement and wanting more. Eight other comments 
divided evenly between wanting the body to move more and feeling that the 
movement was too slow. These high passive task frequencies were met with lower 
active task counts of 2, 3, and 2, respectively. Four people changed the speed because 
they began to feel tired in the passive, movie, conditions as opposed to more 
stimulating active tasks, where only two chose this as a reason for changing the speed.  
6.5 Psychological Comfort (Open-Ended Question Responses)  
Similar to Experiment 1, participants responded to open-ended, subjective 
questions targeting one’s feelings regarding the overall sitting experience, as well as 
liked and disliked attributes of the chair (see Appendix U for subjective responses). 
Attribute comments were grouped according to theme and are provided in Table 19. 
The qualities participants volunteered were similar to Experiment 1, ranging from 
enjoying the chair cushion to disliking the back support and armrest adjustability. 
These items represented the highest frequencies for “liked most” and “liked least” 
qualities for non-movement comments. There were more positive movement 
comments (n=11) compared to negative comments (n=8), and one conditional 
negative comment that “would rather have the massage on the lower back”.   
Table 19 
Experiment 2 Chair Attribute Comments       
 
 
 
 
 
 
 
Attributes/Comments (N=11) 
Liked  
Most                      Least 
Chair attributes    
Easy access to controls  1  0 
Supportive seat  1  0 
Back support  1  2 
Chair adjustability  1  0 
Armrest comfort  1  2 
Armrest adjustability  1  2 
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Table 19 (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Looking more closely at motion-specific items, one comment highlighted the 
ability to easily access speed controls. Four other comments favored the ability to 
change the chair speed, and 5 mentioned liking the movement as opposed to 3 who did 
not. Two more felt that the movement was relaxing or liked the massage nature of the 
chair while three comments fell evenly among disliking the motion due to dizzying 
effects, extreme pitch of the seat pan, or generally feeling uncomfortable. Comments 
Attributes/Comments (N=11) 
Liked  
Most                      Least 
Poor feet support  0  1 
Back rest height is not high enough to support 
upper back/neck 
0 1 
Overall support of the chair  1  0 
Cushion 4  2 
Total 11 10 
Movement related    
Movement 5  3 
Ability to change speed  4  0 
Motion is random, uncomfortable  0  1 
Motion (dizzying, nauseous effect)  0  1 
Massage nature of chair  1  0 
Movement was relaxing  1  0 
Pitch of chair too extreme when moving  0  1 
Motion put into awkward position, posture. 
Couldn’t adjust to it. 
0 2 
Total 11 8 
Other    
Poor support to legs  0  1 
Would rather massage was on lower back  0  1 
Total 0 2 
Total attributes 
 
Liked most 
22 
Liked least 
20 
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in disfavor for the movement nearly equaled that of liking the motion (n=20 and 22, 
respectively).  
Participant comments regarding the overall sitting experience, which were 
provided in the “write freely question”, were summed in terms of positive and 
negative reactions to the chair’s motion. Among the 11 participants, there were 20 
overall negative comments compared to 11 positive, and these comments were almost 
exclusively related to the chair’s moving seat pan (see Table 20). 
Table 20 
Summed Positive and Negative Comments for the “Write Freely” Question 
 
 
 
Table 21 dissects this further into general themes that were extracted from this 
question’s more reflective and introspective approach.  
T a b l e   2 1             
Comment Trends Extracted from the “Write Freely” Question 
 
 
 
 
 
 
 
 
 
 
N=11 Overall  comments 
 Negative  Positive 
Total extracted topic trends   20  11 
 
Comment themes (N=11)  f 
Positive topic trends   
Task related   
Felt motion was helping with concentration  2 
Soothing, relaxing, liked movement for movie exercise  2 
Back related    
Allowed back to constantly move and not stick in one position  1 
Reduced back discomfort/pain  1 
General comfort   
Grew to not notice/like the chair movement  1 
Really liked movement  2 
Felt motion enhanced mood  1 
Adjusting chair speed helped keep awake  1 
Total 11 
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Table 21 (Continued) 
Comment themes (N=11)  f 
Negative topic trends   
Chair features   
Need more back support higher in the upper back/neck  1 
Task related   
Movement became uncomfortable during movie when tasks weren’t a 
distraction 
1 
Movement distracted, interfered with tasks (like writing, typing, mousing). 
Was annoying/irritating/bothersome/did not like. 
4 
Movement was too fast sometimes, taking away attention from task  1 
General comfort, posture   
Motion induced pain  2 
Overall position of the chair felt wrong for the body  1 
Motion induced nausea/dizziness especially during the video  1 
Chair was uncomfortable when turned off. Left in awkward/painful position. 
Had to turn it back on to level it. 
1 
Certain pitches of chair would make hips rise to uncomfortable level  1 
Moving was unpleasant, increased restlessness  1 
Movement made muscles in neck, upper back tense while doing tasks, 
especially when having hand outstretched for mousing 
2 
Psychological comfort   
Movement became more annoying (to point of not liking/hating it. Terrible 
experience) 
1 
Movement too unpredictable, couldn’t get used to it  1 
Comments with recommendations   
Would prefer motion in lower back  2 
Total 20 
Indistinct topic trends (due to the language, these comments did not exclusively fall 
into one category)   
Related to motion   
Liked motion but would prefer it at the lower back  1 
Liked motion in the beginning, grew tense during tasks  1 
Total 2  
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Positive comments had three distinct themes: task related, back related and 
general comfort statements. Similar to Experiment 1, two responses referred to 
enjoying the relaxing and soothing qualities of the motion during movie exercises, 
while two others noted motion as being beneficial for concentration. The remaining 
seven positive comments span from really liking the movement (n=2), to feeling that 
the motion enhanced one’s mood (n=1). More prevalent, however, were comments 
critical of the CPM. The highest reoccurring comment theme (n=4) found that the 
CPM was distracting or interfered with active tasks. Four other comments targeted 
pain and discomfort with 2 stating that the CPM induced pain and two more remarking 
that it increased tension in the neck and upper back muscles. The remaining 12 
comments ranged from commenting on poor back support to providing suggestions for 
placing the motion at the lower back.  
The following are example responses for Experiment 2 that capture the range 
of emotion and conviction embedded within these comments: 
  
Positive: “The chair was good because it allowed my back 
to be constantly moving so it was not stuck in one 
position. I would purchase this chair!” 
 
Negative: “At the beginning, I was quite comfortable. It is 
a comfortable chair. But when the motion started, I hated 
it. It was a terrible experience! Sometimes I even forgot 
about my back pain because the movement was irritating 
me! When I turned it off, I felt much better but the 
problem was the seat. I had to turn it on again to find a 
comfortable position and turn it off.”  
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Figure 32 represents the results for participant assessment of how the chair 
experience related to one’s typical sitting experience. 
 
 
 
  
 
 
 
 
 
 
Figure 32. Frequencies of how the chair experience related to one’s typical sitting 
experience (N=11). 
 
Interestingly, one individual felt the CPM condition was similar to their typical 
experience, though the comment more directly related to chair comfort:  “This chair 
compares with a normal sitting experience, although I find my desk chair much more 
comfortable”.  
Finally, when asked to rate the overall sitting experience, 2 participants 
mentioned not noticing the movement of the chair by the end of the sitting session, 6 
reported still noticing the movement, but the movement was not bothersome, and 3 
participants stated that they still noticed the chair’s movement by the end of the 
session and it was bothersome.  
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CHAPTER 7 
DISCUSSION  
 
  Lower back pain from prolonged, static sitting has become increasingly 
common as more individuals spend their days performing sedentary work. Ergonomic 
chair designs largely seek to reduce sitting discomfort and the occurrence of low back 
pain, and they have evolved from providing static support to continuously imparting 
passive movement while sitting (CPM). The present study tested a pre-production seat 
pan based (CPM) chair with the specific goals of analyzing effects of CPM on low 
back pain sufferers, using healthy individuals (without low back pain) as controls. The 
study augments past CPM research analyses regarding CPM affect on back pain and 
physical comfort, and, in addition, measures CPM affects on task performance, torso 
movement, motion sickness, personal comfort, and preferences for task-specific CPM 
speed selection. This further guides the context and design specifications in which to 
improve CPM’s utility, particularly for individuals suffering from back pain. The 
study’s main findings specific to the hypotheses are discussed below.  
7.1 Discussion of Main Findings and Significance to CPM Research  
The seat pan based CPM chair in this study was designed specifically for low 
back pain sufferers to help one sit more comfortably, longer. It was hypothesized that 
CPM would reduce the feelings of back pain in participants with prior back pain. 
Though there were no statistically significant differences in the report of body part 
discomfort (indicated in the 6 GCRS collection times) between static and CPM 
conditions, nor between those with prior back pain and healthy participants, the mean 
low back discomfort ratings in the CPM condition appeared lower compared to the 
static condition, suggesting a possible beneficial trend of reduced back pain for back 
pain sufferers using CPM.  Maybe with a longer duration of chair use, ratings would  
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have been significantly lower. Psychological comfort (open-ended question) results 
from Experiment 1 further showed that participants without back pain provided more 
negative comments related to the chair’s motion compared with participants with back 
pain. Though actual differences in the reports of body discomfort (GCRS responses) 
for participants with and without back pain were not statistically significant, subjective 
responses indicate that CPM might have added-value for back pain sufferers 
particularly in the low back.  
Though the hypothesis of CPM improving back discomfort for back pain 
sufferers was not supported in this study, the trend favors agreement with van Deursen 
et al. (1999) and Whiteside and McGill (1996), who found statistically significant 
reductions of lower back pain and discomfort when applying continuous passive 
movement (CPM) while sitting. The differences in achieving statistical significance 
for these studies could derive from differences in the extent of back pain in the 
participants at the onset of the studies, from the type of seat pan motion, and from the 
duration. In the van Deursen et al. (1999) study, participants had diagnosable chronic 
low back pain. The degree of back pain for the participants was not medically 
confirmed in the present research, and results indicate that back pain status prior to the 
experiment was not severe. Most participants indicated that they felt pain “often” as 
opposed to “persistent”, and they usually felt pain after sitting for an hour rather than 
whenever they sit. It could be that CPM is more useful for those suffering from more 
extreme and chronic back pain. The participants in the present study also had back 
pain that was not restricted to the low back, whereas van Deursen et al. (1999) 
specifically used participants with chronic low back pain. Including other back pain 
areas, for instance the upper back and shoulders, could have diluted the overall impact 
CPM may expressly have on low back pain and relieving more severe symptoms of 
back pain. Using participants with chronic and severe low back pain in the present  
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study may have shown an increased trend of low back improvement seen in the CPM 
condition as compared to the static condition, and thus may yield more statistically 
significant results. This would, then, support the overall design intent of the chair, 
which was to improve sitting comfort for back pain sufferers. It would be interesting 
to measure subjective responses to CPM among those with chronic and severe low 
back pain, especially after sitting for an extended period more representative of the 8 
hour workday. 
Differences in CPM application by the chair and methodological design of the 
study could also have affected overall back comfort response to CPM. While the three 
studies had participants sit for one-hour, the van Deursen et al. (1999) study used 1.25º 
side-to-side angles, which is different from the 2.5º maximum tilt angle for the chair 
used in the present study. Frequencies also varied. The present study showed a CPM 
frequency range for the seat pan of .032Hz to .047Hz in the X-axis, a range of .032Hz 
to .074Hz in the Y-axis, and a range of .036Hz to .055Hz in the Z-axis for the typing 
task. The frequencies used in van Deursen et al. (1999) were .08Hz and .2Hz, and the 
movement was deemed almost indiscernible by the authors. At these frequencies and 
lower tilt angle, CPM may have resembled more of a vibration-like massage chair as 
opposed to a full body movement design of the CPM in the present study. These 
discrepancies could yield vastly different sitting scenarios, which could affect the 
CPM’s influence on back pain. Actual functional elements of the chairs, such as seat 
design, also differ apart from the CPM application. Future studies would benefit from 
testing different mechanical designs of seat pan CPM to evaluate what the optimal tilt 
and frequency would be relative to relieving back discomfort, as well as how cushion 
thickness, seat depth and width, and other ergonomic components to chairs influence 
the effects of CPM.    
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The hypothesis that there would be differences in personal comfort across prior 
back pain status was also not supported by the results. For the CPM condition, there 
were no statistically significant differences between healthy participants and back pain 
sufferers and the report of personal comfort indicated in the post-test questionnaire 
items. There were also no identifiable trends in the overall means. For the static 
condition, only one questionnaire item, “felt pain while sitting”, was statistically 
significant across back pain status (p=.029), showing that there were differences 
among people with and without back pain in their perception of pain when sitting on 
the static chair (M=2.27, SD=1.07 and M=1.47, SD=.624, respectively). Those with 
back pain felt slightly more pain while sitting in the static condition. This reflects the 
inherent differences in the experience of back pain between healthy participants and 
back pain sufferers. Responses were not statistically significantly different between 
those with and without back pain for the same question in the CPM condition, though 
the mean scores were similar (back pain M=2.00, SD=.840; no back pain M=1.61, 
SD=.698) and correspond to feeling pain “some of the time”.  Incidentally, this post-
test questionnaire item was not statistically significant between conditions. Since there 
were no statistically significant differences in means between back pain sufferers and 
healthy participants for the CPM condition, it might be that CPM has therapeutic 
affect on the experience of back pain for back pain sufferers, reducing levels of 
discomfort to more normal levels. Using participants with more chronic and severe 
back pain, as well as a more sensitive scale such as the visual analogue scales (VAS) 
and body mapping techniques used for the GCRS, may more accurately capture 
differences in personal comfort between these groups. 
There were, however, statistically significant differences between sitting 
conditions for many personal comfort items regardless of back pain status, supporting 
the hypothesis that there would be differences in personal comfort between CPM and  
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static conditions. Though constructs such as discomfort, fatigue and stiffness have 
been measured in previous CPM studies (see for example Reinecke et al., 1994; van 
Deursen et al., 1999; and Whiteside & McGill, 1996), they were measured using 10-
point interval visual analogue scales, similar to the GCRS used in the present study. 
Independent questionnaire items were not assessed. Therefore, there was no previous 
research on personal comfort in terms of CPM on which to base positional hypotheses. 
However, given the novelty of performing computer based work while sitting on a 
moving seat pan, it was expected that participants would feel less personal comfort in 
the CPM condition, particularly in terms of stability, feelings of motion sickness, and 
level of distraction. Results support this hypothesis, showing statistically significant 
effects of motion on post-test questionnaire items dealing with feelings of nausea, 
dizziness, stability, distraction/difficulty concentrating, sitting instability, and being 
limited in typing and writing abilities. The higher means for these items show that 
motion adversely affected these feelings, meaning that people felt more unstable and 
distracted, for instance, when in the CPM condition. These items are largely 
physiological responses to the chair motion, and though many of the post-test 
questionnaire items, such as feelings of stability and dizziness, were not included in 
the classification system, the items correspond to physiological discomfort attributes 
in the Zhang et al. (1996) and Helander and Zhang (1997) classification system.  
However, though it was hypothesized that CPM would adversely affect 
writing, typing and mousing performance, results showed that actual performance was 
not statistically significantly affected by motion. Relating this to motion sickness 
literature discussed in Section 2.4, it may be that the perceptions of interference of 
motion on performance were associated with conflicting attentional demands where 
one’s attention was divided between maintaining postural stability and preserving task 
performance quality. Smart and Smith (2001) assert that maintaining a stable posture  
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largely relies on the attentional resources that are available to interpret the new, 
movement experience. This can significantly affect functional ability if postural 
stability and task performance are competing for mental attention (Andersson et al., 
1998). Though postural control seems innate, it demands levels of attention which can 
be increased and interfered with when introduced to new balance situations (Dault, 
Geurts, Mulder & Duysens, 2001). Allocating attention to countering movement 
affects on stability can deplete resources for task performance. The fact that 
participants felt both postural instability and limited typing and writing performance 
due to motion in the post-test questionnaire results and subjective responses may 
reflect the competition for attentional resources to maintaining posture and task 
performance. Performance effects of CPM have not been tested prior to the present 
study. Though previous research used similar performance tasks in the methodological 
design of the studies (see Beach et al., 2003; van Dieën et al., 2001), the tasks were 
used to measure other constructs, such as muscle activity, and were not tested in terms 
of performance effects of CPM. Therefore, CPM affects on performance warrants 
further research to validate these findings.  
Additionally, though personal comfort feelings of nausea and dizziness, which 
are common symptoms of motion sickness, were statistically significantly higher in 
the CPM condition in Experiment 1, actual manifestations of motion sickness were 
scarce throughout the study despite expecting that CPM would induce symptoms of 
motion sickness. This may be because the chair motion frequency fell just below the 
threshold of .08Hz and .4Hz necessary to provoke symptoms of motion sickness 
(Stoffregen & Smart, 1998). For the constant speed setting 4, the cumulative range for 
all tasks varied from a minimum .032Hz to a maximum .079Hz. Since the chair 
frequency fell just under the nauseogenic range, only 9 perceived any symptoms even 
though 16 people indicated susceptibility to motion sickness. Of these nine, the  
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majority 6 participants mentioned only feeling symptoms of motion sickness some of 
the time and only 1 had to discontinue the study. Incidentally, this person mentioned 
being highly susceptible to motion sickness. For those who did experience some 
motion sickness, choosing lower speed settings may further alleviate motion sickness 
inducing properties of the chair. This is shown in results for Experiment 2, where only 
three participants felt dizzy and nauseous some of the time, thus indicating that 
participants likely changed the speed to reduce motion sickness feelings.  
Since 9 participants did feel some symptoms of motion sickness in Experiment 
1, future studies would benefit from measuring possible adaptation times and 
responses to using CPM. It could be that these participants originally felt symptoms 
that, in time and continued exposure to the stable CPM speed, adapted to CPM and no 
longer felt nauseogenic symptoms. Reason (1978) asserts that experiencing continuous 
exposure to the same motion sickness stimulus enables the ability to adjust visual, 
vestibular and proprioceptive systems to better tolerate the dissonance between past 
and present experiences. A person, then, can eventually adapt, and no longer 
experience nauseogenic symptoms to that stimulus. It would be interesting to measure 
whether people actually adapt to CPM with continued exposure, and whether the 
adaptation would transfer to future CPM experiences as Reason (1978) suggests. 
Finally, feelings of motion sickness may increase when applying higher CPM seat pan 
speeds or when using higher tilt angles. This warrants further research. Previous 
research has not tested the effects of CPM on motion sickness or its common 
symptoms, nausea and dizziness. It would be important for future studies to measure 
motion sickness to validate these findings. 
The post-test questionnaire personal comfort items also reflect the subjective 
answers given for the “write freely” questions related to psychological comfort, 
supporting the expectation that CPM would be perceived differently from the static  
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condition. The open-ended questions sought to evoke more personal assessments of 
one’s sitting experience by not directly providing cues and scripted answers to select. 
Since the comments were unprompted, the responses that were provided represented 
more salient, profound, and personal aspects of an individual’s sitting moment, 
bringing about emotional words such as hate and love. There were more motion 
specific comments, and the CPM condition elicited greater responses in Experiment 1.  
When asked how the CPM sitting condition resembled one’s typical sitting 
experience, all but one participant in Experiment 2 and no participants in Experiment 
1 found CPM to be similar to a typical sitting experience, speaking to the novelty of 
using seat pan CPM, particularly when performing typical workday tasks. The novelty 
of CPM may have garnered more attention eliciting more subjective comments. Of 
these comments, there were more negative responses. Supporting the results regarding 
actual task performance and personal comfort, while performance was not inherently 
affected by the chair’s motion, participants in Experiment 1 largely felt interfered with 
by the motion either in terms of actual performance error or simple mental distraction. 
Psychological comfort responses in Experiment 2 support this showing that 
participants largely changed the speed setting because it was distracting or interfered 
with the task, and ultimately chose having no movement during performance tasks. 
Relating Experiment 1 comments to the statistically significant personal comfort 
items, fourteen comments reflected feelings of distraction and four more stated that the 
movement was annoying or irritating. Of these comments, 10 directly addressed 
feeling interfered with during the typing and writing exercises; seven comments 
mentioned feelings of instability; and one addressed feeling nauseous. Such qualities 
were not present in the static subjective responses suggesting that the CPM induced 
these feelings.   
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Given this and the lessening of personal comfort in the CPM condition, CPM 
may be more useful if applied intermittently, allowing the user to alternate between 
different movement speeds and no movement at all according to comfort and task 
needs. Experiment 2 corroborated this, showing that people preferred having no 
motion during concentration/performance tasks and moderate to low movement for 
relaxation tasks. This supports the hypothesis that tasks that require higher levels of 
concentration, speed, and dexterity would correspond to selecting lower CPM speed 
levels, while more relaxation-based tasks would have more variable and higher speeds. 
The preference for having no motion during concentration tasks might correlate with 
wanting to reduce competing attentional demands related to maintaining balance 
(Yardley et al., 2001). Experiment 2 responses support findings derived from 
subjective responses in Experiment 1 where participants largely felt distracted or 
interfered with by the motion during active tasks. Unequivocally, when given control 
over the chair setting, participants largely chose lower speeds to eliminate distraction 
and enhance concentration and performance. During movie conditions, they were 
more tolerant with many enjoying the motion of the chair. Also, giving control over 
the chair’s speed seemed to affect comfort attribute groups, showing that participants 
were largely comfortable most of the time or changed the chair condition if sitting 
became unpleasant. This is intriguing considering the predisposition to back pain. It 
suggests that when one grew uncomfortable, they changed the speed setting to a more 
appropriate and comfortable speed to help assuage symptoms of pain, nausea, 
dizziness, or distraction. It is evident that providing flexibility in speed is an important 
component for experiencing CPM. 
Finally, results from the nano-accelerometers show no statistically significant 
differences between people with and without pre-existing back pain and sitting 
behavior among sitting conditions or while performing tasks. Yet, it was shown that  
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participant torso movement was statistically significantly different between sitting 
conditions with the torso moving more in the CPM condition, supporting the notion 
that seat pan CPM moves the upper torso significantly more than how one would 
move when sitting on a static chair. It was also shown that, for the CPM condition, 
there were no significant differences in the absolute movements of the chair in terms 
of frequency and amplitude of motion between the 5 task conditions or across 
participants, suggesting that the chair seat pan moved relatively regularly throughout 
the sitting period, and that nano-accelerometers are an effective and novel instrument 
for measuring small positional changes.  
There are no known studies that have tested nano-accelerometers, though 
traditional accelerometers are common tools for measuring acceleration changes and 
have been employed in several previous studies (see Section 4.1.3.3). Technology that 
specifically captures minute movements was needed for this study since movement 
about the spine was not thought to be as extreme as measuring more gross and 
dynamic movements, such as lifting or repetitive movement examples where previous 
accelerometer technologies have been applied. The results of this study show that the 
nano-accelerometers can capture small movements over time and may be a valuable 
instrument for human factors and ergonomics, though further studies are needed to 
validate the methodology and results.  
Though Reinecke et al. (1994) measured changes in the lumbar flexion angle 
due to lumbar placed bladder-inflated CPM, previous research has not tested the seat 
pan effects of movement on the upper body. The present study augments previous 
research on actual body movement using CPM. Moreover, previous research, such as 
Lengsfeld et al. (2000) who found differences in load change and bending force in the 
lumbar spine, have looked at movement as it relates to changes in axial rotation and 
frequency of the chair. Yet, movement does not occur in a vacuum but in the context  
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of a task, whether it is work related or mere relaxation. The current research adds to it 
the understanding of how task demands influence torso movement when applying 
CPM. Again, it would be worth reviewing how longer sitting periods and task 
conditions affect movement, particularly as it relates to fatigue. It would be interesting 
to see in vivo how spinal movement is affected by task. 
In the end, this research found that applying CPM in a seat pan significantly 
moves the torso more than in static sitting, stimulating movement of the spine and 
back muscles. Movement, as noted in previous research (see for example Lueder, 
2005; Pynt et al., 2001, 2002), has profound positive effects for slowing spinal 
shrinkage, reducing static exertion of muscles, and improving sitting comfort. Though 
actual physiological effects were not measured, it is likely that the movement induced 
by CPM will impart these beneficial effects.  
Intermittent use of CPM may have more utility when used in working 
scenarios where CPM can be used in terms of a “moving” work break similar to 
alternating postures, standing, stretching, and walking. This is particularly salient for 
those experiencing back discomfort. The CPM chair could serve as ‘treatments’ used 
regularly throughout the day or intermittently throughout the week. Considering the 
beneficial affects of movement (see for example Roelofs & Straker, 2002), it would be 
interesting to compare the relative physiological and comfort effects of CPM 
movement breaks to more common walking, stretching, and standing breaks. This 
would be especially useful in workplaces where work breaks are not as practical and, 
thus, may not be performed as readily (see Fisher et al., 1993). Comparing the 
frequencies of using CPM “movement breaks” to that of the more common work 
breaks in such environments would give insight into the ease and efficiency within 
which CPM can be used in the workplace. The results also suggest that people prefer 
only moderate to low amounts of motion regardless of task, revealing tendencies that  
  122
would predictably occur during longer task durations seen in an 8-hour work day. 
Such restriction of speed has implications for the physical design of CPM chair 
products. If the majority of users prefer low to moderate speeds, it may not be 
necessary to provide such a wide continuum of power and speed, thus affecting the 
overall needed power source. A smaller power base could broaden the capacity for 
battery operated CPM chair designs, aiding in the mobility and overall functionality of 
the chair. With these smaller parameters, future iterations could also explore 
transitional CPM devices that alternate between seat pan and lumbar based CPM. 
7.2 Limitations 
7.2.1 Nano-Accelerometers 
The exact tri-axial nano-accelerometry technology used in measuring 
movement has not been employed in other studies, thus limiting comparability. 
Logically, further testing of this equipment is needed to ensure reliability. In terms of 
physical limitation of the nano-accelerometers, it was necessary to place the device on 
the upper back to measure torso movement in the same plane as the chair seat pan. The 
placement may have prevented movement and/or may have caused the upper back to 
grow stiff as participants tried to avoid leaning against the cord. Future studies would 
benefit from a cordless apparatus.  
7.2.2 Test Chair 
Though the prototype was considered appropriate for the study, participant 
subjective responses revealed several chair features that could have inadvertently 
interfered with test measures. The chair had a large motor base that may have limited 
the ability to tuck the feet backward; the armrests could not be moved inward which 
may not have provided support to narrower body frames; the back rest had limited 
adjustability; the seat height may not have properly supported the anthropometric 
dimensions of shorter individuals; and, for the second experiment, the rotating seat  
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pan would periodically stop at awkward angles when it was turned off rather than 
returning to neutral. It would be important to address these ergonomic considerations 
for future iterations of the chair and to test reliability of the research results.  
Additionally, despite being asked if the chair was adjusted comfortably at the 
onset of each testing session, there were comments that suggested that the chair 
adjustments were ill-suited. It may be that participants were uncomfortable to remark 
or were unaware that they could adjust positions and chair features throughout the 
session. This may have influenced discomfort and feelings of frustration. Future 
research should reiterate the ability to adjust chair features, and ensure that the 
participants feel comfortable throughout the testing session by asking periodically if 
the chair feels well adjusted. Further, it may be useful to observe the testing sessions 
remotely, so that the participant might feel more comfortable making chair 
adjustments without being watched.  
  7.2.3 Participant Pain Status 
Results showed some inconsistency in self-reporting in terms of when and to  
what degree pain afflicted participants. Specifically, participants experiencing back 
pain provided information as to where and how often they perceived back pain. 
However, results for this segment were highly dubious and likely confounded by the 
time in which the question was answered — at the end of the session. Since body part 
frequencies changed between sessions, it may be that participants were assessing their 
current back pain after the sitting session and not their back pain experience prior to 
the experiment. Since these answers were uncertain, they were not considered for 
analysis.  
  Further, participants were not medically screened to substantiate the level of 
back pain. The results for the beginning GCRS clearly show that the degree of back 
pain was nominal for many of the participants, indicating that back pain may have  
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been incidental for some. Using a cohort with medically diagnosable back conditions 
would enhance the validity for using this test variable.  
  7.2.4 Subjective Responses 
As with most studies, the participants knew that they were being observed and 
that a chair was being tested. This could have heightened the awareness of sitting 
comfort and chair design, and ultimately influence how one reported underlying 
feelings towards the chair. Further, questionnaire items resurfaced in subjective 
responses, suggesting that these items might have been catalyst to using certain 
language and evoking certain feelings towards the chair.  
7.2.5 Participant Anthropometric Data 
No anthropometric data, such as weight and height, were obtained for the 
current study. Though the chair seat pan movement did not vary in terms of frequency 
and amplitude, actual movement of the torso could vary according to the relative 
distance to the source of movement. Further, heavier weights could dampen the effects 
of movement while lighter weights could amplify the effects. This warrants further 
research.  
7.2.6 Post-Test Questionnaire Items 
Supplementing the questionnaire items were questions relating to the relative 
change of feelings. Participants answered whether a particular feeling increased, 
decreased, changed or stayed the same. The results are provided in the Appendix K. 
These questions were limited by the inability to compare between participants and 
items, challenging overall interpretations.  
A variety of objective and subjective measurement tools exist for measuring 
pain and comfort. For instance, assessing comfort or discomfort can involve objective 
measures, such as monitoring restless movement and postural shift counts (Bhatnager 
et al., 1985; Hermann, 2005), as well as pressure distribution mapping (Fenety and  
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Walker, 2000; Yun, Donges & Freivalds, 1992). Subjective measures can also be used 
to evaluate a person’s interpretation of comfort and discomfort, such as verbal and 
visual analogue scales, semantic differential sets, and chair feature checklists 
(Christiansen, 1997); qualitative models (Ebe & Griffing, 2000); or fuzzy sets 
(Grabisch, Duchêne, Lino & Perny, 2002). It may be that using a more sensitive scale 
other than the four-point scale used in this study may more effectively capture 
differences in personal comfort between those with and without back pain. This 
warrants further exploration.  
  7.2.7 Test Duration 
The testing period was 1 hour in duration, which was divided into five, 10-
minute tasks. Past studies measuring effects of sitting on back health have varied in 
test duration (see for example Beach et al., 2003; Stranden, 2000; van Deursen et al., 
2001d; van Dieёn et al., 2001; Whiteside & McGill, 1996). Since discomfort has been 
found to decrease within a 1 hour test period (van Deursen et al., 1999), this time was 
chosen as an appropriate sitting duration for one test session. Research has not yet 
measured the cumulative beneficial effects of using CPM over time. Though 
statistically significant effects of CPM on back discomfort have been found using 1 
hour test periods, it may be that the beneficial effects of CPM increase with prolonged 
and repeated exposure. It would be interesting to measure these effects after an 
extended sitting period more representative of an 8 hour workday, as well as after 
more long-term durations (weeks or months) of CPM use.  
The frequency within which tasks were changed could have provided enough 
activity as to affect the feelings of discomfort while sitting. The present study 
replicated common office work performance tasks used in sitting comfort studies. 
Though many of the past studies used word processing and office-work tasks during 
the sitting session, the studies have yet to define a standard task rotation time interval  
  126
for measuring back pain, performance, motion sickness or other variables in terms of 
CPM. It was believed that motion effects of any magnitude could be measured within 
this time frame, and too long of task times may create confounding effects of task 
fatigue and participant boredom. Yet, given the preference for having no movement 
during performance tasks found in Experiment 2, and the perceived negative effects of 
CPM on performance found in Experiment 1, it may be that longer task times could 
show actual affects of CPM on performance. Given this, it would be interesting to 
repeat the experiment using longer task durations, such as 20 or 30 minute task times, 
to determine the extent to which less frequent task rotation activity influences the 
onset of back pain. A more enduring task period could translate into detrimental 
performance and/or stability effects if the motion remains bothersome, or may 
eventually equalize similar to adaptation effects for motion sickness (see section 2.4). 
Longer sitting durations would provide insight into possible cumulative effects of 
CPM that may not have been measured in the 1 hour test period. Either scenario 
warrants further research.  
7.3 Future Directions and Conclusion 
This study added to current motion chair research in that it is the first to have 
investigated the utility of CPM according to type of task being performed. Research 
thus far has predominately targeted physiological responses to movement, overlooking 
the affects that such movement might have on work performance or even on motion 
sickness. In a real world context, people may use CPM in a variety of applications 
from driving, to working, to wheelchair usage. CPM would provide little value if it 
interfered with performance or induced motion sickness. Results show that there were 
no adverse effects of motion on performance, but there were perceived effects on 
stability, task performance ability, comfort and motion sickness that could possibly 
reduce performance quality over time.   
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CPM research would benefit from field based studies where users sit for longer 
periods using CPM in real-world contexts and under real-world expectations. This will 
give further insight into this research’s principal findings that people move differently 
according to task, and prefer varying speed settings depending on that task. Analyzing 
this over time will further reveal user stereotypes for speed settings. Given the results, 
it is likely that people will use CPM intermittently, applying higher speeds during 
work breaks and using no motion during work tasks. Additionally, it will provide 
further depth to long-term emotional reactions and relationships to CPM. Previous 
CPM research has not analyzed subjective, emotional responses to CPM. It would be 
interesting to note how subjective responses change according to different CPM 
applications particularly that of lumbar placed CPM as there were comments 
recommending this CPM technique. It would also be valuable to learn how the 
feelings and subjective comments change given more CPM exposure and time, and 
how people would respond when experiencing CPM in working conditions when they 
have become better acquainted with the controls and speed settings. It would be 
interesting to see if perceptions and feelings change after one week, and how that 
varies after a few months or a year. Extending this further, looking at long-term 
physiological affects would make a valuable contribution to current research that have 
largely concentrated on immediate or short-term timeframes. Given the detrimental 
physiological and psychological effects associated with prolonged sitting, it would be 
interesting to measure the long term influences of CPM on physical health and mood. 
The intent of this CPM chair’s design was to help low back pain sufferers sit 
more comfortably for longer periods, thereby reducing the impact of occupational 
disability that might occur from sedentary back pain. It is well researched that 
movement helps stimulate the back muscles and spine, promoting the interchange of 
wastes and nutrients within the intervertebral discs (Lueder, 2005; Pynt et al., 2001).  
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Sedentary back pain is often related to poor, static postures, which can impede spinal 
health and overexert back muscles. Applying CPM intermittently could provide 
valuable movement of the spine and back muscles that, in time, may have cumulative 
beneficial effects. People with back pain may experience relief through using CPM 
intermittently, as it will passively impart movement to the spine and back muscles as 
shown by this study, where participants had greater torso movement when in the CPM 
condition. Over time, using CPM in short durations may have profound effects on the 
experience of back pain for back pain sufferers. Using CPM intermittently may have 
preventative effects for those who do not experience back pain, as short CPM 
applications might interrupt the onset and progress of deleterious physiological effects 
associated with prolonged sitting. Longitudinal and field based research would be 
valuable in understanding this notion. 
Finally, the overall themes taken from the results, which highlight the 
intermittency people prefer for experiencing motion, as well as the relatively low to 
moderate speeds they desire, could profoundly affect future chair designs in terms of 
battery power and needed speed range. By supporting fewer speed ranges and 
economizing power for shorter durations, the concept of seat pan CPM could 
transform into more portable, less assuming forms with smaller motors. This study 
adds to the significance and understanding of seat pan based CPM theoretical research, 
and broadens the platform for building effective, beneficial, and innovative designs. 
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APPENDIX 
 
Appendix A 
Continuous Passive Movement Sinusoidal Rotational Patterns of the Seat  
           
   
 
 
 
 
 
 
 
 
 
 
 
 
Figure A1. Cycle 1 of 6 rotational cycles. 
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Figure A2. Cycle 2 of 6 rotational cycles. 
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Figure A3. Cycle 3 of 6 rotational cycles. 
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Figure A4. Cycle 4 of 6 rotational cycles. 
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Figure A5. Cycle 5 of 6 rotational cycles. 
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Figure A6. Cycle 6 of 6 rotational cycles. 
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Appendix B  
General Comfort Rating Scale/Body Map for Experiment 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B1. Female GCRS and body map. 
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Figure B2. Male GCRS and body map.   
  
  137
Appendix C 
Post-Test Questionnaire for Experiment 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C1. Static condition for Experiment 1, page 1. 
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Figure C2. Static condition for Experiment 1, page 2. 
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Figure C3. Static condition for Experiment 1, page 3. 
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Figure C4. CPM condition for Experiments 1 and 2, page 1. 
 
 
 
 
 
 
 
 
  
  141
 
 
 
 
 
 
 
 
 
 
 
 
            
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C5. CPM condition for Experiments 1 and 2, page 2. 
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Figure C6. CPM condition for Experiments 1 and 2, page 3. 
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Figure C7. CPM condition for Experiments 1 and 2, page 4. 
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Appendix D 
Pain Questionnaire for Experiments 1 and 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure D1. Female pain questionnaire, page 1. 
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Figure D2. Female pain questionnaire, page 2. 
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Figure D3. Male pain questionnaire, page 1.  
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Figure D4. Male pain questionnaire, page 2.  
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Appendix E  
Typing and Writing Passages for Experiments 1 and 2 
Passage 1. From Rybczynski, W. (2002, September). The Bilbao effect. The Atlantic  
Monthly, 290, 138-143.  
 
In 1955 Le Corbusier built the chapel of Notre-Dame-du-Haut in Ronchamp, a remote  
site in the Jura Mountains near the Swiss border. The building had curved, roughly  
plastered concrete walls and a swelling roof that resembled a nun's wimple. These  
sculptural features challenged the functionalist dogma-to a large extent devised by the  
architect himself-of the white-shoebox International Style. After Ronchamp modern  
architecture was never quite the same.  
 
Frank O. Gehry's Bilbao Guggenheim is equally iconoclastic. With its ballooning  
shapes and titanium swirls, its colliding forms and unusual spaces, it has been  
described variously as a "postrationalist vision," an "inter-galactic spaceship," and a  
"titanium artichoke." There is a major difference, however, between the museum and  
the chapel. When I went to Ronchamp, in 1964, there were few other visitors. Most,  
judging by their cameras and sketchbooks, were architectural-not religious-pilgrims,  
students like myself. Corbu, as we called him, was one of the most important  
architects in the world. Yet his was hardly a household name; most Americans,  
pressed to identify a contemporary architect, would probably have named Frank Lloyd  
Wright, who had been dead for five years. People did go out of their way to visit  
buildings, but they were usually ancient works of art like Chartres Cathedral, or  
historical monuments like the Tower of London. Buildings by modern architects were  
objects of veneration for students, but they were not paid much attention by the public.  
 
Today's public definitely knows about the Bilbao Guggenheim; since its opening, in  
1997, it has attracted almost five million visitors. According to the Financial Times, in  
its first three years the museum has helped to generate about $500 million in economic  
activity and about $100 million in new taxes. On seeing the titanium artichoke, other  
cities have been saying, "We want one of those."  
 
Seattle got off the mark early. In 1996, before the Bilbao Guggenheim was even  
complete, Paul Allen, a cofounder of Microsoft and a Jimi Hendrix fan, commissioned  
Gehry to design a rock-and-roll museum and performance venue in Seattle called the  
Experience Music Project. Gehry delivered a striking building whose bulbous shapes  
are variously covered in shimmering gold, silver, and purple stainless steel, and in red  
and blue aluminum shingles. These forms resemble the fragments of a giant,  
multicolored, broken guitar after a particularly violent rock concert.  
 
Two years after the Bilbao Guggenheim opened, the Corcoran Gallery of Art  
announced that Gehry would build a large addition to its century-old building in  
Washington, D.C. The new design is a composition of sail-like metallic forms.   
  149
Construction is slated to begin in late 2003, probably before the groundbreaking for  
Gehry's other major museum project: a forty-story-high Guggenheim on the East  
 
River in Lower Manhattan, with yet more titanium swirls. A Guggenheim museum in 
New York City designed by Frank Gehry would no doubt attract millions of visitors. 
But will people really flock to New Orleans to see the Grammy Hall of Fame-a 
recently announced project that, according to its backers, "will have the `wow factor' 
 
Passage 2. From Rybczynski, W. (2002, September). The Bilbao effect. The Atlantic 
Monthly, 290, 138-143. 
 
Will the new addition to the Milwaukee Art Museum, by the Spanish architect 
Santiago Calatrava, which features a giant kinetic sunshade resembling a flapping pair 
of pterodactyl wings, bring in throngs? Will Toronto, soon to have a dramatic addition 
to its Royal Ontario Museum designed by Daniel Libeskind (whose Jewish Museum in 
Berlin attracted 350,000 visitors in two years before it even had any exhibits), be the 
new Bilbao? Maybe, maybe not. A year and a half after the opening of the Experience 
Music Project attendance was down by more than a third, leading to a layoff of 124 
employees. This may be partly because of September 11, but it is worth noting that 
during the same period the number of visitors to the local art museum increased by 
more than a third. 
 
Whatever effect the Bilbao phenomenon will have on the way that tourists choose 
their destinations, it has already had a major influence on the way that clients, 
especially museums, choose their architects. In 1967, when the National Gallery of 
Art, in Washington, D.C., was planning an addition to its building, it solicited 
portfolios from a dozen prominent architects, and after narrowing the list down to four 
(Kevin Roche, Philip Johnson, Louis I. Kahn, and I. M. Pei), museum officials visited 
the finalists' buildings as well as their offices. Only after the choice was made did the 
winner, Pei-get down to work on a design. Three years ago, when the Corcoran went 
looking for an architect, it, too, had a short list: Gehry, Libeskind, and Calatrava. 
Where Gehry billows, Libeskind zigs and zags. The Jewish Museum, his first major 
building, resembles a fragmented Star of David. This seemed to many a stroke of 
genius when the building was completed, in 1999, but it turns out that Libeskind is 
simply partial to spiky, agitated forms. His winning design for an extension to the 
Denver Art Museum was described by The New York Times as a "dramatic glass and 
titanium jumble of rectangles and triangles." Calatrava's stylishly engineered 
structures, in contrast, resemble sunbleached skeletons; they are "technoGothic;' 
according to one commentator. 
 
Rather than merely ponder the previous work of the three architects, the Corcoran 
commissioned each one to prepare a specific design This kind of select competition, 
now the preferred way for choosing the architects of high-profile buildings, resembles 
a beauty pageant. With great fanfare a list of invited architects is announced. Their 
proposals are often exhibited, and sometimes the architects themselves give public  
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presentations. The ranks of the competitors are winnowed. The anticipation is an 
important part of the publicity surrounding the proposed new building. When the Los 
 
Angeles County Museum of Art planned a major renovation and expansion, it invited 
five noteworthy architects to submit designs, including the ubiquitous Libeskind; 
Steven Holl, who was recently called "America's best architect" by Time magazine; 
and Thom Mayne, an avant-garde architect based in Los Angeles. Their proposals 
were eliminated in the first round of judging, leaving those of the Frenchman Jean 
Nouvel, whose best-known 
 
Passage 3. From Rybczynski, W. (2002, September). The Bilbao effect. The Atlantic 
Monthly, 290, 138-143. 
 
Finally Koolhaas, who recently won a competition to design Seattle's new public 
library, was declared the winner. 
 
I have no objection to architects' duking it out, and I think it's great that architecture is 
attracting so much attention. But I am skeptical that designing in the full glare of 
public competitions encourages architects to produce better buildings. The charged 
atmosphere promotes flamboyance rather than careful thought, and favors the glib and 
obvious over the subtle and nuanced. Architects have always entered competitions, but 
they have usually seasoned their talents first by doing commissioned work. Libeskind, 
Nouvel, Koolhaas, and other young architects of today have built their reputations 
almost entirely by participating in competitions; a friend of mine calls them 
"competition show dogs." And show dogs are rarefied creatures, often refined and 
styled to the point of caricature. 
 
Some years ago, in Learning From Las Vega (1972), Robert Venturi, Denise Scott 
Brown, and Steven Izenour differentiated between buildings whose architectural 
image was chiefly the result of surface ornament applied to structures shaped by their 
functions and buildings whose image was the result of unusual forms. They called the 
former "decorated sheds" and the latter "ducks;' a reference to a roadside stand on 
Long Island that sold poultry and was shaped like a duck. Italian Renaissance palazzi, 
for example, which are essentially straightforward buildings with exquisitely 
ornamented exteriors and interiors, are decorated sheds; Gothic cathedrals, with their 
flying buttresses, pinnacles, and steeples, are ducks. 
 
The point was less that one approach was better than the other-Learning From Las 
Vegas allowed that "both kinds of architecture are valid"-than that, historically 
speaking, ducks are few and far between. Venturi and his co-authors argued that 
clients are better served by decorated sheds than by dramatically modeled buildings, 
no matter how exciting. After all, it is the former approach that has produced some of 
our most memorable public buildings-Philadelphia's Academy of Music, New York's 
Metropolitan Museum, and the Boston Public Library. 
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Yet ducks are clearly in season, and Venturi himself has suffered the consequences of 
this trend. Some years ago his firm was commissioned to design a new concert hall for 
Philadelphia. The resulting proposal was a sensible building with an attractive 
 
performance space but a relatively modest exterior. However, as more and more cities 
announced plans for trophy buildings, the concert-hall backers decided that a 
decorated shed simply would not do. They dismissed the Venturi firm, increased the 
budget from $60 million to $265 million, and hired the New York-based Rafael 
Vinoly, who delivered the requisite "wow factor": an immense glass vault. 
 
Vinoly's concert hall, known as the Kimmel Center for the Performing Arts, illustrates 
another aspect of the Bilbao effect. Show-dog architecture, especially in a signature 
style, is unlikely to pay much attention to its surroundings. Venturi's design was 
carefully inserted into its site on Broad Street, and its conservative exterior suited 
Quakerish Philadelphia, his home town. Vinoly's glass vault, however impressive its 
drama, is an alien presence. Yet ducks are clearly in season 
 
Passage 4. From Rybczynski, W. (2002, September). The Bilbao effect. The Atlantic 
Monthly, 290, 138-143. 
 
One of the greatest American architects of the twentieth century was Louis I. Kahn. 
His best work, such as the Kimbell Art Museum, in Fort Worth; the Salk Institute, in 
La Jolla; and the Yale Center for British Art, was always directly commissioned. 
Although Kahn entered numerous competitions, he won only one, and in his later 
career he avoided competitions altogether. They did not suit him, because he 
developed his designs slowly, refining them in the process; his early sketches bear 
little resemblance to his finished buildings. Moreover, the qualities that made his 
architecture so good were poorly communicated in drawings and models. The 
buildings had to be experienced whole. 
 
Japanese architect Tadao Ando, whose accomplished designs earned him the 1995 
Pritzker Prize. His first public building in the United States, the Pulitzer Foundation 
for the Arts, in St. Louis, opened last year. Ando is a minimalist whose modest 
buildings depend on modulated natural light falling on simple materials-particularly 
concrete, which in his hands acquires a silky, sensuous texture. The forms of his 
buildings are uncomplicated; this is not eye-popping architecture. Benjamin Forgey, 
the architecture critic of The Washington Post, wrote of the Pulitzer Foundation, "It is 
almost dumbfounding in the United States to find an art museum whose interiors 
possess both the austerity and serenity of a Zen garden." 
 
Emily Rauh Pulitzer, the president of the foundation, has said that the choice of Ando 
was based purely on aesthetics. Undoubtedly other architects were considered, but no 
design competition was involved. The question was who should be the architect, and 
the design came later. Indeed, the site of the museum was not yet final when Ando 
was commissioned. (His building, despite being abstract and minimalist in appearance,  
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responds to its urban context very well.) To a degree that is not well understood, 
remarkable architecture is almost always the result of a dialogue between architect and 
client. Cut loose from this sort of creative conversation, few architects do their best 
work. The British architect Sir Edwin Lutyens once said, "There will never be great 
architects or architecture without great patrons." From the architect's point of view, the 
ideal project is not one with a magnanimous absent client. It is one with a 
magnanimous thoughtful client. In the Pulitzer Foundation, Ando had a thoughtful 
client; and he worked with Richard Serra and Ellsworth Kelly, two of the three artists 
whose works make up the permanent collection of this tiny museum. "My goal was to 
take to the limit the relationship between the works of art and the volume of the 
building's space," Ando has said. 
 
The Pulitzer Foundation for the Arts is a small building that was not meant to attract a 
vast public. Yet it would be nice to think that the building signals at least an 
alternative, if not an end, to the Bilbao effect. The chief aim of architecture should not 
be to entertain, titillate, or shock viewers. 
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Appendix F 
Task Rotation Sequences for Experiments 1 and 2 
 
Order number  Task Sequence 
1  Typing, Movie 1, Mousing, Movie 2, Writing 
2  Writing, Movie 1, Mousing, Movie 2, Typing 
3  Mousing, Movie 1, Typing, Movie 2, Writing 
4  Typing, Movie 1, Writing, Movie 2, Mousing 
5  Writing, Movie 1, Typing, Movie 2, Mousing 
6  Mousing, Movie 1, Writing, Movie 2, Typing 
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Appendix G  
General Comfort Rating Scale and Body Map for Experiment 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure G1. Female GCRS and body map, page 1.  
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Figure G2. Female GCRS and body map, page 2.  
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Figure G3. Male GCRS and body map, page 1.  
  157
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure G4. Male GCRS and body map, page 2.  
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Appendix H 
Speed Change Sheet for Experiment 2 
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Appendix I  
General Comfort Rating Scale Frequencies across the 6 Collection Times for 
Experiment One, CPM Condition 
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Appendix J 
General Comfort Rating Scale Frequencies across the 6 Collection Times for 
Experiment One, Static Condition 
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Appendix K 
Descriptive Results for Experiment 1 Post-Test Questionnaire Items 
 
Item Freq.  %  M  Freq. %  M 
  Static CPM 
Q2: Time sitting during work day in hours 
between 1-3hrs 
between 3-5hrs 
between 5-7hrs 
between 7-9hrs 
more than 9 hrs 
 
3 
9 
13 
8 
3 
 
8.3 
25.0 
36.1 
22.2 
8.3 
 
3.97 
 
4 
7 
14 
7 
4 
 
11.1 
19.4 
38.9 
19.4 
11.1 
 
4.00 
Back pain status 
back pain 
no back pain 
 
18 
18 
 
50 
50 
 
1.50 
 
18 
18 
 
50.0 
50.0 
 
1.50 
NIOSH current back pain area: neck 
pain free 
very minor annoyance 
minor annoyance 
annoying enough to be distracting 
can be ignored but still distracting 
missing data 
NA 
 
12 
- 
1 
2 
2 
1 
18 
 
33.3 
- 
2.8 
5.6 
5.6 
2.8 
50.0 
 
.94 
 
14 
3 
- 
- 
1 
- 
18 
 
38.9 
8.3 
- 
- 
2.8 
- 
50.0 
 
.389 
NIOSH current back pain area: shoulder 
pain free 
very minor annoyance 
minor annoyance 
can be ignored but still distracting 
missing data 
NA 
 
16 
- 
- 
1 
1 
18 
 
44.4 
- 
- 
2.8 
2.8 
50.0 
 
.235 
 
15 
1 
1 
1 
- 
18 
 
41.7 
2.8 
2.8 
2.8 
- 
50.0 
 
.389 
NIOSH current back pain area: upper back 
pain free 
very minor annoyance 
minor annoyance 
annoying enough to be distracting 
can be ignored but still distracting 
can't be ignored for any length of time 
missing data 
NA 
 
 
11 
1 
1 
2 
2 
- 
1 
18 
 
 
30.6 
2.8 
2.8 
5.6 
5.6 
- 
2.8 
50.0 
 
 
1.00 
 
 
12 
1 
3 
- 
1 
1 
- 
18 
 
 
33.3 
2.8 
8.3 
- 
2.8 
2.8 
- 
50.0 
 
 
.944 
NIOSH current back pain area: elbow 
pain free 
missing data 
           NA 
 
17 
1 
18 
 
47.2 
2.8 
50.0 
 
0 
 
 
18 
- 
18 
 
50.0 
- 
50.0 
 
0 
NIOSH current back pain area: low back 
pain free 
very minor annoyance 
minor annoyance 
annoying enough to be distracting 
can be ignored but still distracting 
can’t be ignored for any length of time 
missing data 
           NA 
 
1 
1 
4 
4 
6 
1 
1 
18 
 
2.8 
2.8 
11.1 
11.1 
16.7 
2.8 
2.8 
50.0 
 
3.00 
 
2 
4 
7 
1 
3 
1 
- 
18 
 
5.6 
11.1 
19.4 
2.8 
8.3 
2.8 
- 
50.0 
 
2.17  
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Item Freq.  %  M  Freq. %  M 
  Static CPM 
NIOSH current back pain area: wrist/hand 
pain free 
missing data 
NA 
 
17 
1 
18 
 
47.2 
2.8 
50.0 
 
0 
 
18 
- 
18 
 
50.0 
- 
50.0 
 
0 
NIOSH current back pain area: hip/thigh 
pain free 
very minor annoyance 
missing data 
NA 
 
17 
- 
1 
18 
 
47.2 
- 
2.8 
50.0 
 
0 
 
17 
1 
- 
18 
 
47.2 
2.8 
- 
50.0 
 
.056 
NIOSH current back pain area: knee 
pain free 
missing data 
NA 
 
17 
1 
18 
 
47.2 
2.8 
50.0 
 
0 
 
18 
- 
18 
 
50.0 
- 
50.0 
 
0 
NIOSH current back pain area: foot 
pain free 
missing data 
NA 
 
17 
1 
18 
 
47.2 
2.8 
50.0 
 
0 
 
18 
- 
18 
 
50.0 
- 
50.0 
 
0 
Q5: Frequency of back pain per day (typically) 
occasionally (once or twice) 
often (several times) 
all the time (persistent) 
missing data 
NA 
 
7 
9 
1 
1 
18 
 
19.4 
25.0 
2.8 
2.8 
50.0 
 
1.65 
 
6 
11 
1 
- 
18 
 
16.7 
30.6 
2.8 
- 
50.0 
 
1.72 
Q6: Time when back pain is usually 
experienced 
sitting does not give me back pain 
back pain only when sitting for long time 
(more than 2 hrs) 
after sitting for an hour, usually feel back 
pain 
anytime sitting, feel back pain 
missing data 
NA 
 
 
1 
3 
 
10 
 
3 
1 
18 
 
 
2.8 
8.3 
 
27.8 
 
8.3 
2.8 
50.0 
 
 
2.88 
 
 
1 
5 
 
11 
 
1 
- 
18 
 
 
2.8 
13.9 
 
30.6 
 
2.8 
- 
50.0 
 
 
2.67 
Chart 1a: Felt pain while sitting 
not at all 
some of the time 
most of the time 
all of the time 
missing data 
 
16 
9 
8 
2 
1 
 
44.4 
25.0 
22.2 
5.6 
2.8 
 
1.89 
 
14 
16 
5 
1 
- 
 
38.9 
44.4 
13.9 
2.8 
- 
 
1.81 
Chart 1b: Whether feelings changed while 
sitting in chair 
increased 
no change 
decreased 
occurred periodically 
missing data 
NA 
 
 
9 
16 
2 
8 
1 
2 
 
 
25.0 
44.4 
5.6 
22.2 
2.8 
5.6 
 
 
2.26 
 
 
9 
18 
3 
6 
- 
- 
 
 
25.0 
50.0 
8.3 
16.7 
- 
- 
 
 
2.17 
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Item Freq.  %  M  Freq. %  M 
  Static CPM 
†Chart 2a: Felt comfortable while sitting  
all of the time 
most of the time 
some of the time 
not at all 
 
3 
18 
14 
1 
 
8.3 
50.0 
38.9 
2.8 
 
2.36 
 
4 
18 
13 
1 
 
11.1 
50.0 
36.1 
2.8 
 
2.31 
Chart 2b: Whether feelings of comfort 
changed 
increased 
no change 
decreased 
occurred periodically 
missing data 
 
 
2 
15 
13 
5 
1 
 
 
5.6 
41.7 
36.1 
13.9 
2.8 
 
 
2.60 
 
 
7 
14 
9 
5 
1 
 
 
19.4 
38.9 
25.0 
13.9 
2.8 
 
 
2.34 
Chart 3a: Felt nauseous or sick 
not at all 
some of the time 
most of the time 
missing data 
 
36 
- 
- 
- 
 
100 
- 
- 
- 
 
1.00 
 
29 
4 
2 
1 
 
80.6 
11.1 
5.6 
2.8 
1.23 
Chart 3b: Whether feelings of nausea changed 
increased 
no change 
decreased 
occurred periodically 
NA 
missing data 
 
- 
- 
- 
- 
36 
- 
 
- 
- 
- 
- 
100 
- 
 
2.00 
 
3 
28 
1 
2 
- 
2 
 
8.3 
77.8 
2.8 
5.6 
- 
5.6 
 
2.06 
Chart 4a: Felt dizzy while sitting 
not at all 
some of the time 
most of the time 
all of the time 
missing data 
 
32 
3 
- 
- 
1 
 
88.9 
8.3 
- 
- 
2.8 
 
1.09 
 
25 
8 
1 
1 
1 
 
69.4 
22.2 
2.8 
2.8 
2.8 
 
1.37 
Chart 4b: Whether feelings of dizziness 
changed 
increased 
no change 
decreased 
occurred periodically 
missing data 
 
 
- 
32 
1 
2 
1 
 
 
- 
88.9 
2.8 
5.6 
2.8 
 
 
2.14 
 
 
3 
25 
1 
5 
2 
 
 
8.3 
69.4 
2.8 
13.9 
5.6 
 
 
2.24 
Chart 5a: Did not like movement of chair 
not at all 
some of the time 
most of the time 
all of the time 
missing 
NA 
 
- 
- 
- 
- 
- 
36 
 
- 
- 
- 
- 
- 
100 
 
- 
 
13 
9 
9 
4 
1 
- 
 
36.1 
25.0 
25.0 
11.1 
2.8 
- 
 
2.11 
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Item Freq.  %  M  Freq. %  M 
  Static CPM 
Chart 5b: Whether feelings of not liking 
movement changed 
increased  
no change 
decreased 
occurred periodically 
missing data 
NA  
 
 
- 
- 
- 
- 
- 
36 
 
 
- 
- 
- 
- 
- 
100 
  
 
- 
 
 
12 
15 
6 
2 
1 
- 
 
 
33.3 
41.7 
16.7 
5.6 
2.8 
- 
 
 
1.94 
†Chart 6a: Felt stable and balanced 
all of the time 
most of the time 
some of the time 
not at all 
missing data 
 
22 
11 
3 
- 
- 
 
61.1 
30.6 
8.3 
- 
- 
 
1.47 
 
6 
11 
12 
6 
1 
 
16.7 
30.6 
33.3 
16.7 
2.8 
 
2.51 
Chart 6b: Whether feelings of stability 
changed 
increased  
no change 
decreased 
occurred periodically 
missing data 
 
 
1 
29 
4 
2 
- 
 
 
2.8 
80.6 
11.1 
5.6 
- 
 
 
2.19 
 
 
11 
15 
7 
2 
1 
 
 
30.6 
41.7 
19.4 
5.6 
2.8 
 
 
2.00 
Chart 7a: Felt distracted or had difficulty 
concentrating 
not at all 
some of the time 
most of the time 
all of the time 
missing data 
 
 
15 
20 
1 
- 
- 
 
 
41.7 
55.6 
2.8 
- 
- 
 
 
1.61 
 
 
3 
27 
4 
1 
1 
 
 
8.3 
75.0 
11.1 
2.8 
2.8 
 
 
2.09 
Chart 7b: Whether feelings of distraction 
changed 
increased 
no change 
decreased 
occurred periodically 
NA 
missing data 
 
 
8 
19 
3 
6 
- 
- 
 
 
22.2 
52.8 
8.3 
16.7 
- 
- 
 
 
2.19 
 
 
11 
10 
7 
7 
- 
1 
 
 
30.6 
27.8 
19.4 
19.4 
- 
2.8 
 
 
2.29 
†Chart 8a: Felt supported by the chair. Did not 
feel need to adjust posture 
all of the time 
most of the time 
some of the time 
not at all 
 
 
3 
16 
16 
1 
 
 
8.3 
44.4 
44.4 
2.8 
 
 
2.42 
 
 
2 
16 
12 
6 
 
 
5.6 
44.4 
33.3 
16.7 
 
 
2.61 
Chart 8b: Whether feelings of support 
changed 
increased 
no change 
decreased 
occurred periodically 
NA 
missing data 
 
 
4 
8 
13 
10 
- 
1 
 
 
11.1 
22.2 
36.1 
27.8 
- 
2.8 
 
 
2.83 
 
 
2 
19 
7 
5 
3 
- 
 
 
5.6 
52.8 
19.4 
13.9 
8.3 
2.8 
 
 
2.45 
  
  171
 
 
 Item    Freq.  %  M  Freq. %  M 
  Static CPM 
Chart 9a: Felt restless, annoyed, tense 
not at all 
some of the time 
most of the time 
 
9 
25 
2 
 
25.0 
69.4 
5.6 
 
1.81 
 
14 
18 
4 
 
38.9 
50.0 
11.1 
 
1.72 
Chart 9b: Whether feelings of restlessness 
changed 
increased 
no change 
decreased 
occurred periodically 
missing data 
 
 
16 
11 
- 
8 
1 
 
 
44.4 
30.6 
- 
22.2 
2.8 
 
 
2.00 
 
 
13 
17 
2 
3 
1 
 
 
36.1 
47.2 
5.6 
8.3 
2.8 
 
 
1.86 
Chart 10a: Felt unstable in the chair or could 
slip out 
not at all 
some of the time 
most of the time 
all of the time 
missing data 
 
 
35 
- 
- 
1 
- 
 
 
97.2 
- 
- 
2.8 
- 
 
 
1.08 
 
 
18 
14 
2 
- 
2 
 
 
50.0 
38.9 
5.6 
- 
5.6 
 
 
1.53 
Chart 10b: Whether feelings of instability 
changed 
increased 
no change 
decreased  
occurred periodically 
missing data 
 
 
- 
36 
- 
- 
- 
 
 
- 
100 
- 
- 
- 
 
 
2.00 
 
 
7 
21 
1 
6 
1 
 
 
19.4 
58.3 
2.8 
16.7 
2.8 
 
 
2.17 
Chart 11a: Had difficulty viewing, reading 
task 
not at all 
some of the time 
most of the time 
missing data 
 
 
30 
6 
- 
- 
 
 
83.3 
16.7 
 
 
1.17 
 
 
5 
8 
2 
1 
 
 
69.4 
22.2 
5.6 
2.8 
 
 
1.34 
Chart 11b: Whether feelings in difficulty 
viewing, reading changed 
increased 
no change 
decreased 
occurred periodically 
missing data 
 
 
1 
31 
1 
2 
1 
 
 
2.8 
86.1 
2.8 
5.6 
2.8 
 
 
2.11 
 
 
9 
24 
- 
2 
1 
 
 
25 
66.7 
- 
5.6 
2.8 
 
 
1.86 
†Chart 12a: Liked the movement of the chair 
all of the time 
most of the time 
some of the time 
not at all 
NA 
missing data 
 
 
- 
- 
- 
- 
36 
- 
 
 
- 
- 
- 
- 
100 
- 
 
 
- 
 
 
5 
12 
10 
8 
- 
1 
 
 
13.9 
33.3 
27.8 
22.2 
- 
2.8 
 
 
2.60 
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Item Freq.  %  M  Freq. %  M 
  Static CPM 
Chart 12b: Whether feelings of liking the 
movement changed 
increased 
no change 
decreased 
occurred periodically 
missing data 
NA 
 
 
- 
- 
- 
- 
- 
36 
 
 
- 
- 
- 
- 
- 
100 
  
 
-
  
 
 
6 
19 
5 
4 
2 
- 
 
 
16.7 
52.8 
13.9 
11.1 
5.6 
- 
 
 
2.21 
†Chart 13a: Felt relaxed and content 
all of the time 
most of the time 
some of the time 
not at all 
missing 
 
3 
21 
11 
1 
- 
 
8.3 
58.3 
30.6 
2.8 
- 
 
2.28 
 
4 
17 
10 
4 
1 
 
11.1 
47.2 
27.8 
11.1 
2.8 
 
2.40 
Chart 13b: Whether feelings of relaxation, 
contentment changed  
increased 
no change 
decreased 
occurred periodically 
missing data 
 
 
4 
9 
14 
6 
3 
 
 
11.1 
25.0 
38.9 
16.7 
8.3 
 
 
2.67 
 
 
4 
14 
11 
5 
2 
 
 
11.1 
38.9 
30.6 
13.9 
5.6 
 
 
2.50 
Chart 14a: Felt movement limited ability to 
type 
not at all 
some of the time 
most of the time 
all of the time 
missing data 
 
 
32 
4 
- 
- 
- 
 
 
88.9 
11.1 
- 
- 
- 
 
 
1.11 
 
 
18 
12 
4 
1 
1 
 
 
50.0 
33.3 
11.1 
2.8 
2.8 
 
 
1.66 
Chart 14b: Whether feelings of limited typing 
changed 
increased 
no change 
decreased 
occurred periodically 
missing data 
 
 
1 
33 
- 
1 
1 
 
 
2.8 
91.7 
- 
2.8 
2.8 
 
 
2.03 
 
 
7 
18 
2 
7 
2 
 
 
19.4 
50.0 
5.6 
19.4 
5.6 
 
 
2.26 
Chart 15a: Felt motion sickness while sitting 
not at all 
some of the time 
most of the time 
all of the time 
NA 
missing data 
 
 
- 
- 
- 
- 
36 
- 
 
 
- 
- 
- 
- 
100 
- 
 
 
- 
 
 
26 
6 
2 
1 
- 
1 
 
 
72.2 
16.7 
5.6 
2.8 
- 
2.8 
 
 
1.37 
Chart 15b: Whether feelings of motion 
sickness changed 
increased 
no change 
occurred periodically 
missing 
NA 
 
 
- 
- 
- 
- 
36 
 
 
- 
- 
- 
- 
100 
  
 
- 
 
 
4 
27 
4 
1 
- 
 
 
11.1 
75.0 
11.1 
2.8 
- 
 
 
2.11 
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Item Freq.  %  M  Freq. %  M 
  Static CPM 
†Chart 16a: Felt massaged by motion of chair 
seat 
all of the time 
most of the time 
some of the time 
not at all 
missing 
NA 
 
 
- 
- 
- 
- 
- 
36 
 
 
- 
- 
- 
- 
- 
100 
  
 
- 
 
 
5 
10 
14 
6 
1 
- 
 
 
13.9 
27.8 
38.9 
16.7 
2.8 
- 
 
 
2.60 
Chart 16b: Whether feelings of massage 
changed 
increased  
no change 
decreased 
occurred periodically 
NA 
missing 
 
 
- 
- 
- 
- 
36 
- 
 
 
- 
- 
- 
- 
100 
- 
  
 
- 
 
 
6 
19 
5 
4 
- 
2 
 
 
16.7 
52.8 
13.9 
11.1 
- 
5.6 
 
 
2.21 
†Chart 17a: Could maintain a comfortable 
posture 
all of the time 
most of the time 
some of the time 
not at all 
missing 
NA 
 
 
- 
- 
- 
- 
- 
36 
 
 
- 
- 
- 
- 
- 
100 
  
 
- 
 
 
4 
13 
15 
3 
1 
- 
 
 
11.1 
36.1 
41.7 
8.3 
2.8 
- 
 
 
2.49 
Chart 17b: Whether feelings of maintaining 
comfortable posture changed 
increased  
no change 
decreased 
occurred periodically 
NA  
missing 
 
 
- 
- 
- 
- 
36 
- 
 
 
- 
- 
- 
- 
100 
- 
  
 
- 
 
 
6 
17 
7 
3 
- 
3 
 
 
16.7 
47.2 
19.4 
8.3 
- 
8.3 
 
 
2.21 
Chart 18a: Felt chair movement limited ability 
to write 
not at all 
some of the time 
most of the time 
all of the time 
missing data 
 
 
32 
3 
- 
- 
1 
 
 
88.9 
8.3 
- 
- 
2.8 
 
 
1.09 
 
 
21 
11 
2 
2 
- 
 
 
58.3 
30.6 
5.6 
5.6 
- 
 
 
1.58 
Chart 18b: Whether feelings of limited writing 
ability changed 
increased 
no change 
decreased 
occurred periodically 
missing data 
 
 
2 
32 
1 
- 
1 
 
 
5.6 
88.9 
2.8 
- 
2.8 
 
 
1.97 
 
 
5 
20 
1 
5 
- 
 
 
13.9 
69.4 
2.8 
13.9 
- 
 
 
2.17 
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Item Freq.  %  M  Freq. %  M 
  Static CPM 
Chart 19a: Felt was in an awkward, 
uncomfortable posture 
not at all 
some of the time 
most of the time 
all of the time 
missing 
 
 
17 
18 
1 
- 
- 
 
 
47.2 
50.0 
2.8 
- 
- 
 
 
1.56 
 
 
16 
13 
4 
2 
1 
 
 
44.4 
36.1 
11.1 
5.6 
2.8 
 
 
1.77 
Chart 19b: Whether feelings of awkwardness, 
being uncomfortable changed 
increased 
no change 
decreased 
occurred periodically 
missing data 
 
 
 
6 
20 
1 
8 
1 
 
 
 
16.7 
55.6 
2.8 
22.2 
2.8 
 
 
 
2.31 
 
 
 
8 
18 
2 
7 
1 
 
 
 
22.2 
50.0 
5.6 
19.4 
2.8 
 
 
 
2.23 
Chart 20a: Felt movement limited mouse use 
not at all 
some of the time 
most of the time 
all of the time 
 
23 
9 
1 
1 
2 
 
63.9 
25.0 
2.8 
2.8 
5.6 
 
1.41 
 
18 
9 
5 
2 
2 
 
50.0 
25 
13.9 
5.6 
5.6 
 
1.74 
Chart 21b: Whether feelings of limited mouse 
use changed 
increased 
no change 
occurred periodically 
missing data 
 
 
- 
29 
4 
3 
 
 
- 
80.6 
11.1 
8.3 
 
 
2.24 
 
 
8 
23 
4 
1 
 
 
22.2 
63.9 
11.1 
2.8 
 
 
2.00 
Q7: Susceptibility to motion sickness: cars 
yes  
no 
NA 
 
- 
- 
36 
 
- 
- 
100 
 
- 
 
10 
26 
- 
 
27.8 
72.2 
- 
 
1.72 
Q7: Susceptibility to motion sickness: boats 
yes  
no 
NA 
 
- 
- 
36 
 
- 
- 
100 
 
- 
 
11 
25 
- 
 
30.6 
69.4 
- 
 
1.69 
Q7: Susceptibility to motion sickness: planes 
yes  
no 
 
- 
- 
36 
 
- 
- 
100 
 
- 
 
8 
28 
- 
 
22.2 
77.8 
- 
 
1.79 
Q7: Susceptibility to motion sickness: not 
susceptible 
yes  
no 
NA 
 
 
- 
- 
36 
 
 
- 
- 
100 
 
 
- 
 
 
20 
16 
- 
 
 
55.6 
44.4 
- 
 
 
1.44 
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Item Freq.  %  M  Freq. %  M 
  Static CPM 
Q8: Assessment of overall sitting experience 
didn’t notice movement by the end 
still noticed movement but movement 
didn’t bother me 
still noticed movement and it was a bother 
na 
 
 
- 
- 
 
- 
 
36 
 
 
- 
- 
 
- 
 
100 
 
 
- 
 
 
2 
23 
 
11 
 
- 
 
 
5.6 
63.9 
 
30.6 
 
- 
 
 
2.25 
Note. – represents areas that were not applicable or zeros; 
† represents items that were 
reverse coded. 
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Appendix L 
Experiment One Statistical Analyses 
 
Table L.1 
Wilcoxon Signed Ranks Test across Post-Test Questionnaire Items and Static and 
CPM Sitting Conditions 
Questionnaire Item  Z  Sig. value CPM  Static 
Chart 1: felt pain while sitting  -.298  .766  M   1.81 
SD  .786 
M 1.89 
SD .963 
†Chart 2: felt comfortable while sitting   -.449  .653  M  2.31 
SD .710 
M  2.36 
SD .683 
Chart 3: felt nauseous or sick  -2.271  .023*  M  1.23 
SD .547 
M  1.00 
SD .000 
Chart 4: felt dizzy while sitting  -2.264  .024*  M  1.37 
SD .690 
M  1.09 
SD .284 
Chart 7: felt distracted or had difficulty 
concentrating 
-4.071  .000*  M  2.09 
SD .562 
M  1.61 
SD .549 
†Chart 8: felt supported by the chair. Did not 
feel need to adjust posture 
-3.411  .001*  M  2.61 
SD .838 
M  2.42 
SD .692 
Chart 9: felt restless, annoyed, tense  -1.130  .258  M  1.72 
SD .659 
M  1.81 
SD .525 
Chart 10: felt unstable in the chair or could 
slip out 
-.688  .491  M  1.53 
SD .615 
M  1.08 
SD .500 
Chart 11: had difficulty viewing, reading 
task 
-2.926  .003*  M  1.34 
SD .591 
M  1.17 
SD .378 
†Chart 13: felt relaxed and content  -1.604  .109  M  2.40 
SD .847 
M  2.28 
SD .659 
Chart 14: felt chair limited ability to type  -.856  .392  M  1.66 
SD .802 
M  1.11 
SD .319 
Chart 18: felt chair limited ability to write  -3.358  .001*  M  1.58 
SD .841 
M  1.09 
SD .284 
Chart 19: felt was in an awkward, 
uncomfortable posture 
-1.380  .167  M  1.77 
SD .877 
M  1.56 
SD .558 
Chart 20: felt chair limited mouse use  -1.879  .060*  M  1.74 
SD .931 
M  1.41 
SD .701 
Note. *  represents statistically significant items p<.05; 
†= reverse coding 
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Table L.2 
Means and Standard Deviations for GCRS Body Part Discomfort Responses for the 
Most Common Body Areas 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  N  M  SD 
Static       
GCRS Beginning pain area: low back  9  5.33  2.69 
GCRS Typing pain area: low back  11  4.64  1.63 
GCRS Movie 1 pain area: low back  9  5.11  1.45 
GCRS Writing pain area: low back  8  4.63  1.51 
GCRS Movie 2 pain area: low back  7  5.00  1.53 
GCRS Mousing pain area: low back  9  4.89  2.03 
CPM       
GCRS Beginning pain area: low back  6  4.17  1.83 
GCRS Typing pain area: low back  9  5.11  1.76 
GCRS Movie 1 pain area: low back  6  4.00  1.55 
GCRS Writing pain area: low back  6  4.17  1.60 
GCRS Movie 2 pain area: low back  7  3.71  1.60 
GCRS Mousing pain area: low back  4  5.00  1.41 
Static       
GCRS Beginning pain area: neck  1  8.00  0 
GCRS Typing pain area: neck  2  9.00  1.41 
GCRS Movie 1 pain area: neck  2  5.50  3.53 
GCRS Writing pain area: neck  3  5.00  2.65 
GCRS Movie 2 pain area: neck  3  3.67  .577 
GCRS Mousing pain area: neck  2  6.00  2.83 
CPM       
GCRS Beginning pain area: neck  0  0  0 
GCRS Typing pain area: neck  2  5.00  0 
GCRS Movie 1 pain area: neck  4  3.00  0 
GCRS Writing pain area: neck  2  6.00  2.83 
GCRS Movie 2 pain area: neck  3  3.33  .577 
GCRS Mousing pain area: neck  2  3.00  0 
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Table L.2 (Continued) 
Static  N  M  SD 
GCRS Beginning pain area: shoulder  1  8.00  0 
GCRS Typing pain area: shoulder  4  7.50  2.08 
GCRS Movie 1 pain area: shoulder  5  4.20  2.59 
GCRS Writing pain area: shoulder  5  6.60  2.61 
GCRS Movie 2 pain area: shoulder  7  4.29  1.80 
GCRS Mousing pain area: shoulder  3  6.33  1.53 
CPM       
GCRS Beginning pain area: shoulder  1  7.00  0 
GCRS Typing pain area: shoulder  3  5.00  2.00 
GCRS Movie 1 pain area: shoulder  1  7.00  0 
GCRS Writing pain area: shoulder  1  8.00  0 
GCRS Movie 2 pain area: shoulder  4  7.50  2.08 
GCRS Mousing pain area: shoulder  5  4.20  2.59 
Static       
GCRS Beginning pain area: upper back  2  3.00  1.41 
GCRS Typing pain area: upper back  3  5.33  .578 
GCRS Movie 1 pain area: upper back  3  5.33  1.53 
GCRS Writing pain area: upper back  2  5.50  2.12 
GCRS Movie 2 pain area: upper back  3  5.67  2.08 
GCRS Mousing pain area: upper back  1  6.00  0 
CPM       
GCRS Beginning pain area: upper back  0  0  0 
GCRS Typing pain area: upper back  2  6.00  1.41 
GCRS Movie 1 pain area: upper back  2  4.50  .71 
GCRS Writing pain area: upper back  2  5.00  1.41 
GCRS Movie 2 pain area: upper back  2  4.50  2.12 
GCRS Mousing pain area: upper back  1  4.00  0  
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Table L.2 (Continued) 
Static  N  M  SD 
GCRS Beginning pain area: generalized  21  2.29  .72 
GCRS Typing pain area: generalized  16  3.06  1.06 
GCRS Movie 1 pain area: generalized  18  2.44  1.25 
GCRS Writing pain area: generalized  16  3.44  1.78 
GCRS Movie 2 pain area: generalized  16  3.38  2.03 
GCRS Mousing pain area: generalized  20  3.35  1.47 
CPM       
GCRS Beginning pain area: generalized  24  2.38  .711 
GCRS Typing pain area: generalized  18  4.00  2.30 
GCRS Movie 1 pain area: generalized  19  2.58  .902 
GCRS Writing pain area: generalized  18  3.28  1.07 
GCRS Movie 2 pain area: generalized  19  3.37  1.38 
GCRS Mousing pain area: generalized  24  3.79  1.74 
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Table L.3   
 
Means and Standard Deviations for Performance Measures 
  N  M  SD 
Static     
Typing task: total characters typed minus errors and skips  35  2114.00  480.61
Writing task: total characters written minus errors and skips  36  1447.69  226.55
Mousing task score  36  48.03  6.156
CPM     
Typing task: total characters typed minus errors and skips  35  2111.51  516.42
Writing task: total characters written minus errors and skips  36  1442.44  243.66
Mousing task score  35  49.07  5.39
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Table L.4   
Multivariate General Linear Model Analysis Measuring Effects of Task, Pain Status, 
and Motion   
Source    
Type III Sum 
of Squares  df  Mean Square  F  Sig. 
tasks   Sphericity Assumed  .721 4 .180  17.285 .000
   Greenhouse-Geisser  .721 2.911 .248  17.285 .000
   Huynh-Feldt  .721 3.334 .216  17.285 .000
   Lower-bound  .721 1.000 .721  17.285 .000
tasks * pain 
status 
Sphericity Assumed  .008 4 .002  .186 .945
   Greenhouse-Geisser  .008 2.911 .003  .186 .901
   Huynh-Feldt  .008 3.334 .002  .186 .922
   Lower-bound  .008 1.000 .008  .186 .669
Error (tasks)  Sphericity Assumed  1.334 128 .010     
   Greenhouse-Geisser  1.334 93.159 .014     
   Huynh-Feldt  1.334 106.687 .013     
   Lower-bound  1.334 32.000 .042     
motion  Sphericity Assumed  .228 1 .228  26.531 .000
   Greenhouse-Geisser  .228 1.000 .228  26.531 .000
   Huynh-Feldt  .228 1.000 .228  26.531 .000
   Lower-bound  .228 1.000 .228  26.531 .000
motion * pain  
status 
Sphericity Assumed  .002 1 .002  .274 .604
   Greenhouse-Geisser  .002 1.000 .002  .274 .604
   Huynh-Feldt  .002 1.000 .002  .274 .604
   Lower-bound  .002 1.000 .002  .274 .604
Error (motion)  Sphericity Assumed  .274 32 .009     
   Greenhouse-Geisser  .274 32.000 .009     
   Huynh-Feldt  .274 32.000 .009     
   Lower-bound  .274 32.000 .009     
tasks * motion  Sphericity Assumed  .016 4 .004  1.266 .287
   Greenhouse-Geisser  .016 3.398 .005  1.266 .289
   Huynh-Feldt  .016 3.969 .004  1.266 .287
   Lower-bound  .016 1.000 .016  1.266 .269
tasks * motion 
* pain status 
Sphericity Assumed  .000 4 9.34E-005  .030 .998
   Greenhouse-Geisser  .000 3.398 .000  .030 .996
   Huynh-Feldt  .000 3.969 9.41E-005  .030 .998
   Lower-bound  .000 1.000 .000  .030 .864
Error 
(tasks*motion) 
Sphericity Assumed  .398 128 .003     
   Greenhouse-Geisser  .398 108.738 .004     
   Huynh-Feldt  .398 127.023 .003     
   Lower-bound  .398 32.000 .012     
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Table L.5   
Multivariate General Linear Model Analysis Measuring Effects of Task, Pain Status, 
and Chair Amplitude 
Source    
Type III Sum 
of Squares  df 
Mean 
Square  F  Sig. 
task  Sphericity Assumed  .003 4 .001  .838 .503
   Greenhouse-Geisser  .003 3.712 .001  .838 .496
   Huynh-Feldt  .003 4.000 .001  .838 .503
   Lower-bound  .003 1.000 .003  .838 .367
task * pain status  Sphericity Assumed  .003 4 .001  .733 .571
   Greenhouse-Geisser  .003 3.712 .001  .733 .562
   Huynh-Feldt  .003 4.000 .001  .733 .571
   Lower-bound  .003 1.000 .003  .733 .398
Error (task)  Sphericity Assumed  .130 128 .001     
   Greenhouse-Geisser  .130 118.799 .001     
   Huynh-Feldt  .130 128.000 .001     
   Lower-bound  .130 32.000 .004     
Amp  Sphericity Assumed  .010 2 .005  3.334 .042
   Greenhouse-Geisser  .010 1.654 .006  3.334 .052
   Huynh-Feldt  .010 1.788 .005  3.334 .048
   Lower-bound  .010 1.000 .010  3.334 .077
amp * pain status  Sphericity Assumed  5.14E-005 2 2.57E-005  .018 .982
   Greenhouse-Geisser  5.14E-005 1.654 3.10E-005  .018 .968
   Huynh-Feldt  5.14E-005 1.788 2.87E-005  .018 .975
   Lower-bound  5.14E-005 1.000 5.14E-005  .018 .895
Error (amp)  Sphericity Assumed  .092 64 .001     
   Greenhouse-Geisser  .092 52.939 .002     
   Huynh-Feldt  .092 57.205 .002     
   Lower-bound  .092 32.000 .003     
task * amp  Sphericity Assumed  .007 8 .001  .671 .717
   Greenhouse-Geisser  .007 5.189 .001  .671 .652
   Huynh-Feldt  .007 6.506 .001  .671 .686
   Lower-bound  .007 1.000 .007  .671 .419
task * amp * pain 
status 
Sphericity Assumed  .003 8 .000  .304 .964
   Greenhouse-Geisser  .003 5.189 .001  .304 .915
   Huynh-Feldt  .003 6.506 .000  .304 .944
   Lower-bound  .003 1.000 .003  .304 .585
Error (task*amp)  Sphericity Assumed  .313 256 .001     
   Greenhouse-Geisser  .313 166.055 .002     
   Huynh-Feldt  .313 208.195 .002     
   Lower-bound  .313 32.000 .010     
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Table L.6   
Multivariate General Linear Model Analysis Measuring Effects of Task, Pain Status, 
and Chair Frequency 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source    
Type III Sum 
of Squares  df  Mean Square  F  Sig. 
task  Sphericity Assumed  .000 4 5.92E-005  1.928  .110
   Greenhouse-Geisser  .000 3.051 7.76E-005  1.928  .129
   Huynh-Feldt  .000 3.514 6.74E-005  1.928  .119
   Lower-bound  .000 1.000 .000  1.928  .175
task * pain 
status 
Sphericity Assumed  .000 4 6.36E-005  2.070  .088
   Greenhouse-Geisser  .000 3.051 8.34E-005  2.070  .108
   Huynh-Feldt  .000 3.514 7.24E-005  2.070  .098
   Lower-bound  .000 1.000 .000  2.070  .160
Error (task)  Sphericity Assumed  .004 128 3.07E-005     
   Greenhouse-Geisser  .004 97.626 4.03E-005     
   Huynh-Feldt  .004 112.448 3.50E-005     
   Lower-bound  .004 32.000 .000     
freq  Sphericity Assumed  .004 2 .002  16.329  .000
   Greenhouse-Geisser  .004 1.010 .004  16.329  .000
   Huynh-Feldt  .004 1.043 .004  16.329  .000
   Lower-bound  .004 1.000 .004  16.329  .000
freq * pain 
status 
Sphericity Assumed  .000 2 8.14E-005  .679  .511
   Greenhouse-Geisser  .000 1.010 .000  .679  .417
   Huynh-Feldt  .000 1.043 .000  .679  .422
   Lower-bound  .000 1.000 .000  .679  .416
Error (freq)  Sphericity Assumed  .008 64 .000     
   Greenhouse-Geisser  .008 32.316 .000     
   Huynh-Feldt  .008 33.389 .000     
   Lower-bound  .008 32.000 .000     
task * freq  Sphericity Assumed  .001 8 6.86E-005  2.386  .017
   Greenhouse-Geisser  .001 3.078 .000  2.386  .072
   Huynh-Feldt  .001 3.549 .000  2.386  .063
   Lower-bound  .001 1.000 .001  2.386  .132
task * freq 
* pain 
status 
Sphericity Assumed 
.000 8 6.11E-005  2.126  .034
   Greenhouse-Geisser  .000 3.078 .000  2.126  .100
   Huynh-Feldt  .000 3.549 .000  2.126  .090
   Lower-bound  .000 1.000 .000  2.126  .155
Error 
(task*freq) 
Sphericity Assumed  .007 256 2.88E-005     
   Greenhouse-Geisser  .007 98.490 7.48E-005     
   Huynh-Feldt  .007 113.569 6.48E-005     
   Lower-bound  .007 32.000 .000     
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Appendix M  
Experiment One Typing Performance Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Session 1 
Typing 
Ss 
Character 
total 
Character 
errors 
Character total typed minus 
errors and skips 
Skipped sentences or 
sections 
Static 
6* 2890  40  2850  0 
8 2291  185  2106  0 
10* 2005  58 1947-85  =1862  1:85 
12* 2279  44 2235-75  =2160  1:75 
14 2204  92  2112  0 
16 2671  61  2610  0 
18 1445  20  1425  0 
22 1995  44  1951  0 
28* 2436  51 2385  0 
30* 
† 2390  59  2331-72  =2259  1:72 
32  3448  80  3368-52-87-955-102=2172  1:52, 2: 87, 3: 955,  4:102 
35* 1551  91 1460-19=1441  1:19 
36* 2030  12 2018  0 
39 1341  14  1327  0 
42 2286  174  2112  0 
44 1848  17  1831  0 
CPM 
7    1343  23  1320  0 
9 2910  50  2860  0 
11 2854  49  2805  0 
13 2781  66  2715  0 
15* 1609  68 1541  0 
17 2219  46  2173  0 
19* 2153  56 2097  0 
21 2005  55  1950  0 
23 2602  57  2545  0 
27* 1868  54 1814  0 
29* 2356  178  2178  0 
31* 2030  5  2005  0 
33* 2628  47 2581  0 
34* 1940  63 1877  0 
37* 3212  133  3079-75=3004  1:75 
38* 1706  81 1625  0 
40 2669  132  2537  0 
41* 1934  48 1886  0 
43* 1314  39 1275  0 
45 1545  31  1514-28=1486  1:28 
       Note. * represents individuals who had pre-existing back pain; 
† represents interruption due to a fire drill. 
        The skipped sentence ratio represents the number of skipped sentences or sections to the amount of  
        characters typed. 
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Note. * represents individuals who had pre-existing back pain. The skipped sentence ratio represents the 
number of skipped sentences or sections to the amount of characters typed. 
 
Session 2 
Typing 
Ss 
Character 
total 
Character 
errors 
Character total typed minus 
errors and skips 
Skipped sentences or 
section 
CPM 
6* 2923  39 2884  0 
8  Na Na Na  0 
10* 1669  23  1646  0 
12* 2377  44  2333  0 
14 2093  132  1961  0 
16 2894  101  2793-74=2719  1:74 
18 1285  2  1283  0 
22 1981  57 1924  0 
28* 2513  62  2451  0 
30*   2987  79  2908-77=2831  1:77 
32 2736  111  2625  0 
35* 173 78  1715  0 
36* 2047  15  2032  0 
39 1439  27 1412-108=1331  1:108 
42 2378  179  2199-83=2116  1:83 
44 1767  11 1778  0 
Static 
7    1540  16  1524  0 
9 2708  36  2672  0 
11 2955  69 2886  0 
13 3156  66 3090-78-485  =2527  1:78,  2:  485 
15* 1874  140 1734  0 
17 2203  55 1948  0 
19* 2241  70  2171  0 
21 2230  65 2165  0 
23 2743  57 2686-15=2671  1:15 
27* 1986  87  1899-85=1814  1:85 
29* 2513  169 2344  0 
31* 2284  31  2253  0 
33* 2619  70  2549  0 
34* 1507  75  1432  0 
37* 3443  73  3370  0 
38* 2037  64  1973-145-27=1801  1:145,  2:27 
40 3531  90 3441-780=2661  1:780 
41* 1882  42  1840  0 
43* 1765  39  1726  0 
45 1874  51 1823-283=1540  1:283  
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Appendix N 
Experiment One Writing Performance Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Session 1 
Writing 
Ss 
Character 
total 
Character 
errors 
Total written minus errors     
and skips 
Skipped sentences or 
sections 
Static 
6* 1510  9  1501  0 
8 1748  28  1720-82=1638  1:82 
10* 1232  14  1218  0 
12* 1489  20  1469  0 
14 1092  35  1057  0 
16 1573  3  1570  0 
18 1329  5  1324  0 
22 1630  1  1629  0 
28* 1412  13  1399  0 
30*   1458  3  1455  0 
32 1741  15  1726  0 
35* 1440  3  1437  0 
36* 1048  3  1045  0 
39 1480  4  1476  0 
42 1780  94  1686-29-71-28-78-54-88-
39=1299 
1:29, 2:71, 3:28, 4:78, 
5:54, 6:88, 7:39 
44 1235  9  1226  0 
CPM 
7    1558  17  1466-92=1374  1:92  
9 1354  5  1349  0 
11 1509  13  1496  0 
13 1422  3  1419  0 
15* 1674  21  1653  0 
17 1367  9  1358  0 
19* 1606  14  1592  0 
21 1450  6  1444  0 
23 1361  10  1351  0 
27* 1340  8  1332  0 
29* 1878  43  1835  0 
31* 1149  4  1145  0 
33* 1325  2  1323  0 
34* 1058  11  1047  0 
37* 1779  12  1767  0 
38* 2008  7  2001  0 
40 1413  12  1401  0 
41* 1193  6  1187  0 
43* 1398  14  1984  0 
45 1345  3  1342  0 
     Note. * represents individuals who had pre-existing back pain. The skipped sentence ratio represents                   
 
     the number of skipped sentences or sections to the amount of characters written.  
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Session 2 
Writing 
Ss 
Character 
total 
Character 
errors 
Total written minus errors   
and skips 
Skipped sentences or 
sections 
CPM 
6* 1542  3  1519  0 
8 1649  36  1613-88=1525  1:88 
10* 1250  26  1224  0 
12* 1907  6  1901  0 
14 1066  30 1036  0 
16 1549  23 1526  0 
18 1227  3  1224  0 
22 1514  12 1502  0 
28* 1395  5  1390  0 
30*   1431  5  1426  0 
32 1608  16 1592  0 
35* 1498  12  1486  0 
36* 1097  3  1094  0 
39 1528  7  1521  0 
42 1630  91 1539-78=1461  1:78 
44 1140  9  1131-30=1101  1:30 
Static 
7    1507  1  1506  0 
9 1550  2 1548  0 
11 1598  6  1592  0 
13 1455  2  1453  0 
15* 1502  15  1487  0 
17 1359  5  1354  0 
19* 1408  1  1407  0 
21 1647  27 1620-66=1554  1:66 
23 1311  13 1298  0 
27* 1454  18  1436-83=1353  1:83 
29* 1831  38  1793  0 
31* 1178  7  1171  0 
33* 1462  5  1457  0 
34* 1238  9  1229  0 
37* 2209  1  2208  0 
38* 1890  9  1881  0 
40 1471  8  1463-247=1216  1:247 
41* 1459  5  1454  0 
43* 1368  6  1362-27=1335  1:27 
45 1368  16 1352  0 
            Note. * represents individuals who had pre-existing back pain. The skipped sentence ratio represents  
           the number of skipped sentences or sections to the amount of characters written.  
  188
Appendix O  
Experiment One Mousing Performance Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Session 1 
Ss 
Mousing   
score 
Session 2 
Ss 
Mousing  
score 
Static CPM 
6* 42.4 6* 45.7 
8 40.1 8  na 
10* 47.6 10* 51.4 
12* 44.8 12* 45.0 
14 49.7 14 48.0 
16 41.1 16 45.0 
18 49.3 18 52.3 
22 51.6 22 54.0 
28* 45.3 28* 51.6 
30* 46.1 30* 56.3 
32 50.6 32 52.2 
35* 45.3 35* 45.7 
36* 44.3 36* 49.6 
39 39.3 39 48.0 
42 44.4 42 47.0 
44 35.4 44 41.1 
CPM Static 
7 46.7 7 46.4 
9 58.2 9 63.7 
11 46.2 11 49.2 
13 50.0 13 49.0 
15* 44.8 15* 48.2 
17 60.2 17 59.9 
19* 50.6 19* 50.3 
21 44.3 21 45.9 
23 36.4 23 39.4 
27* 42.8 27* 44.4 
29* 50.3 29* 48.3 
31* 60.2 31* 62.3 
33* 41.4 33* 46.8 
34* 50.1 34* 47.7 
37* 54.0 37* 54.9 
38* 44.9 38* 48.8 
40 55.7 40 57.9 
41* 50.7 41* 53.2 
43* 51.3 43* 46.9 
45 45.9 45 48.7 
                     Note. * represents individuals who had pre-existing back pain.  
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Appendix P  
Experiment One Nano-Accelerometer Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nano-accelerometer chair frequencies 
Task and axis  M SD 
Typing     
X-Axis 0.03813  0.002856 
Y-Axis 0.03997  0.006959 
Z-Axis 0.04453  0.003221 
Movie 1     
X-Axis 0.03783  0.002487 
Y-Axis 0.04370  0.01339 
Z-Axis 0.04428  0.003028 
Writing    
X-Axis 0.03807  0.002423 
Y-Axis 0.04094  0.009413 
Z-Axis 0.04495  0.003809 
Movie 2     
X-Axis 0.03844  0.002805 
Y-Axis 0.04469  0.013304 
Z-Axis 0.04470  0.003316 
Mousing    
X-Axis 0.03804  0.002904 
Y-Axis 0.04542  0.014843 
Z-Axis 0.04444  0.003323  
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Nano-accelerometer chair amplitudes 
Task and axis  M SD 
Typing      
X-Axis .00328 .04767 
Y-Axis .00057 .00599 
Z-Axis -.00831 .03579 
Movie 1     
X-Axis .00522 .04791 
Y-Axis .00007 .00516 
Z-Axis .00451  .03607 
Writing    
X-Axis .00608 .04711 
Y-Axis -.00031  .00520 
Z-Axis .00077  .03697 
Movie 2     
X-Axis .00302 .04850 
Y-Axis .00116 .00600 
Z-Axis -.01210 .03415 
Mousing    
X-Axis .00993 .04626 
Y-Axis .00034 .00595 
Z-Axis -.01076 .03544  
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Nano-accelerometer chair frequency chart 
X-axis 
Typing  Movie 1  Writing  Movie 2  Mousing 
.03221 .03181  .03189 .03215  .03163 
.03328 .03366  .03448 .03480  .03471 
.03416 .03461  .03453 .03482  .03473 
.03476 .03467  .03464 .03482  .03478 
.03476 .03472  .03490 .03518  .03481 
.03499 .03475  .03501 .03528  .03494 
.03525 .03488  .03501 .03580  .03542 
.03578 .03579  .03594 .03611  .03609 
.03653 .03593  .03599 .03669  .03616 
.03666 .03636  .03611 .03673  .03623 
.03677 .03636  .03636 .03676  .03642 
.03714 .03651  .03712 .03709  .03652 
.03747 .03663  .03760 .03748  .03660 
.03754 .03711  .03766 .03754  .03680 
.03776 .03718  .03801 .03762  .03739 
.03781 .03734  .03812 .03821  .03750 
.03831 .03788  .03812 .03837  .03814 
.03833 .03805  .03832 .03872  .03818 
.03853 .03807  .03850 .03909  .03873 
.03891 .03818  .03861 .03912  .03891 
.03909 .03854  .03909 .03929  .03902 
.03915 .03897  .03942 .03945  .03906 
.03924 .03906  .03945 .03959  .03908 
.03931 .03919  .03956 .03966  .03935 
.03945 .03956  .03960 .03979  .03951 
.03962 .03957  .03988 .03985  .03973 
.03969 .03971  .03996 .04023  .03982 
.03970 .03990  .04007 .04035  .04024 
.03993 .04009  .04032 .04047  .04051 
.04023 .04012  .04033 .04047  .04065 
.04033 .04024  .04040 .04130  .04087 
.04116 .04051  .04050 .04136  .04131 
.04136 .04108  .04062 .04195  .04175 
.04202 .04120  .04123 .04204  .04769 
.04742 .04193  .04129 .04715  .03163  
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Nano-accelerometer chair frequency chart 
Y-axis 
Typing  Movie  1 Writing Movie  2  Mousing 
.03217 .03183  .03187 .03211  .03165 
.03416 .03373  .03447 .03479  .03474 
.03474 .03462  .03454 .03482  .03474 
.03475 .03465  .03466 .03482  .03479 
.03499 .03475  .03489 .03516  .03495 
.03566 .03476  .03500 .03611  .03545 
.03578 .03488  .03501 .03671  .03625 
.03654 .03597  .03598 .03676  .03642 
.03666 .03635  .03601 .03713  .03689 
.03681 .03636  .03611 .03755  .03715 
.03706 .03654  .03633 .03822  .03739 
.03745 .03713  .03715 .03875  .03820 
.03782 .03733  .03765 .03910  .03848 
.03835 .03811  .03799 .03919  .03875 
.03835 .03822  .03812 .03927  .03891 
.03853 .03895  .03813 .03947  .03899 
.03886 .03906  .03838 .03967  .03904 
.03911 .03908  .03875 .03971  .03906 
.03911 .03916  .03907 .03991  .03910 
.03925 .03961  .03937 .04036  .03975 
.03926 .03977  .03958 .04045  .04051 
.03930 .04007  .03989 .04047  .04063 
.03939 .04008  .03996 .04135  .04064 
.03967 .04027  .04006 .04201  .04087 
.03975 .04051  .04025 .04332  .04167 
.03991 .04112  .04039 .04365  .04223 
.04031 .04182  .04049 .04383  .04697 
.04113 .04203  .04064 .04696  .04775 
.04132 .04502  .04163 .04712  .04817 
.04202 .04657  .04200 .04821  .07225 
.04403 .04808  .04497 .07058  .07503 
.04693 .07155  .04611 .07163  .07630 
.04743 .07434  .04804 .07676  .07830 
.04800 .07576  .04814 .07911  .07871 
.07431 .07637  .07521 .07920  .07901  
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Nano-accelerometer chair frequency chart 
Z-axis 
Typing  Movie  1 Writing Movie  2  Mousing 
.03758 .03711  .03720 .03750  .03689 
.03984 .03928  .04022 .03823  .04052 
.04055 .04002  .04028 .04062  .04055 
.04056 .04039  .04041 .04062  .04057 
.04082 .04044  .04083 .04100  .04060 
.04113 .04050  .04083 .04115  .04076 
.04160 .04054  .04192 .04177  .04131 
.04176 .04070  .04198 .04212  .04212 
.04263 .04175  .04214 .04280  .04219 
.04277 .04192  .04242 .04287  .04227 
.04290 .04242  .04323 .04291  .04250 
.04330 .04259  .04330 .04327  .04292 
.04341 .04330  .04387 .04372  .04322 
.04370 .04336  .04394 .04379  .04331 
.04406 .04355  .04434 .04390  .04361 
.04411 .04439  .04447 .04477  .04375 
.04470 .04455  .04448 .04484  .04450 
.04470 .04495  .04471 .04517  .04455 
.04471 .04547  .04493 .04560  .04519 
.04518 .04552  .04504 .04563  .04539 
.04539 .04558  .04597 .04584  .04542 
.04561 .04569  .04605 .04602  .04547 
.04569 .04613  .04615 .04614  .04553 
.04586 .04616  .04653 .04620  .04559 
.04602 .04633  .04662 .04633  .04590 
.04624 .04655  .04674 .04643  .04609 
.04630 .04658  .04704 .04650  .04636 
.04631 .04677  .04706 .04695  .04647 
.04658 .04679  .04713 .04695  .04697 
.04694 .04680  .04725 .04708  .04726 
.04706 .04695  .04739 .04722  .04741 
.04802 .04725  .04810 .04818  .04769 
.04825 .04793  .04817 .04824  .04818 
.04903 .04806  .04856 .04905  .04869 
.05532 .04895  .04897 .05503  .05563  
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Nano-accelerometer chair amplitude chart 
X-axis 
Typing  Movie  1 Writing Movie  2  Mousing 
-.05373 -.05474  -.05113 -.05299  -.05408 
-.05336 -.05307  -.05075 -.05119  -.05226 
-.05223 -.05289  -.05029 -.05049  -.05005 
-.05204 -.05273  -.04795 -.05043  -.04899 
-.05167 -.05146  -.04680 -.05034  -.04877 
-.05120 -.05068  -.04656 -.05024  -.04518 
-.05106 -.05037  -.04603 -.04832  -.04507 
-.04966 -.04923  -.04526 -.04803  -.04479 
-.04694 -.04910  -.04512 -.04759  -.04370 
-.04636 -.04904  -.04475 -.04743  -.04239 
-.04397 -.04698  -.04461 -.04674  -.04215 
-.04360 -.04544  -.04421 -.04636  -.04003 
-.04309 -.04483  -.04331 -.04585  -.03766 
-.03987 -.04464  -.04256 -.04532  -.01151 
-.03808 -.04461  -.04212 -.04491  .01019 
-.02493 -.01149  -.04006 -.03862  .04188 
-.00991 .03521  .04132  -.01126  .04203 
.02938 .04145  .04259 .04245  .04420 
.04212 .04183  .04369 .04270  .04422 
.04461 .04299  .04378 .04372  .04485 
.04538 .04356  .04473 .04482  .04759 
.04630 .04444  .04481 .04534  .04864 
.04738 .04476  .04523 .04878  .04897 
.04745 .04510  .04541 .04906  .04924 
.04801 .04517  .04746 .04942  .04999 
.04914 .04589  .04762 .04951  .05000 
.04943 .04862  .04825 .04982  .05070 
.04974 .04993  .04844 .04999  .05124 
.04989 .04999  .04850 .05108  .05171 
.05142 .05048  .04875 .05135  .05255 
.05150 .05074  .04927 .05177  .05283 
.05234 .05087  .05025 .05208  .05338 
.05320 .05155  .05043 .05242  .05366 
.05335 .05157  .05219 .05372  .05621 
.05592 .05167  .05370 .05384 -.05408  
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Nano-accelerometer chair amplitude chart 
Y-axis 
Typing  Movie  1 Writing Movie  2  Mousing 
-.01861 -.01245  -.01021 -.00770  -.02090 
-.00900 -.00743  -.00747 -.00726  -.00657 
-.00621 -.00568  -.00726 -.00554  -.00597 
-.00598 -.00563  -.00721 -.00547  -.00564 
-.00553 -.00553  -.00672 -.00509  -.00543 
-.00550 -.00511  -.00603 -.00506  -.00533 
-.00451 -.00482  -.00559 -.00504  -.00493 
-.00450 -.00455  -.00482 -.00476  -.00484 
-.00445 -.00434  -.00471 -.00456  -.00482 
-.00445 -.00410  -.00455 -.00427  -.00468 
-.00367 -.00392  -.00424 -.00421  -.00399 
-.00324 -.00391  -.00420 -.00387  -.00359 
-.00221 -.00391  -.00418 -.00361  -.00296 
-.00189 -.00375  -.00401 -.00336  -.00285 
.00196 -.00370  -.00322 -.00332  .00226 
.00263 -.00368  -.00230  .00271  .00248 
.00266 -.00254  -.00215  .00297  .00292 
.00291 .00249  -.00206 .00326  .00325 
.00322 .00288  -.00187 .00335  .00335 
.00331 .00336  .00340 .00383  .00336 
.00341 .00340  .00369 .00408  .00357 
.00385 .00350  .00396 .00437  .00365 
.00433 .00356  .00401 .00439  .00374 
.00466 .00448  .00407 .00444  .00393 
.00477 .00472  .00433 .00465  .00432 
.00493 .00474  .00434 .00469  .00471 
.00495 .00474  .00440 .00528  .00496 
.00497 .00485  .00477 .00549  .00510 
.00514 .00513  .00482 .00549  .00513 
.00531 .00523  .00485 .00554  .00519 
.00533 .00529  .00509 .00559  .00554 
.00545 .00540  .00540 .00608  .00587 
.00719 .00560  .00543 .00726  .00619 
.00747 .00561  .00550 .01121  .00715 
.01118 .00564  .00649 .01890  .00759  
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Nano-accelerometer chair amplitude chart 
Z-axis 
Typing  Movie 1  Writing  Movie 2  Mousing 
-.04040 -.04108 -.04342  -.04088 -.04083 
-.03986 -.03931 -.04258  -.03902 -.03922 
-.03968 -.03921 -.04100  -.03894 -.03889 
-.03933 -.03894 -.03865  -.03881 -.03861 
-.03897 -.03869 -.03847  -.03862 -.03859 
-.03855 -.03848 -.03817  -.03854 -.03826 
-.03828 -.03830 -.03768  -.03844 -.03810 
-.03790 -.03820 -.03732  -.03825 -.03805 
-.03772 -.03796 -.03723  -.03777 -.03753 
-.03710 -.03772 -.03699  -.03735 -.03737 
-.03689 -.03739 -.03685  -.03712 -.03721 
-.03683 -.03542 -.03656  -.03709 -.03708 
-.03669 -.03386 -.03610  -.03686 -.03699 
-.03656 -.02662 -.03485  -.03639 -.03640 
-.03626 -.00849 -.03469  -.03610 -.03609 
-.03613 -.00824 -.03431  -.03606 -.03607 
-.03588 -.00813 -.00799  -.03570 -.03536 
-.03535  .03437 -.00772  -.03546 -.03507 
-.03459 .03512 .00093  -.03498  -.03498 
-.03434 .03550 .03427  -.03464  -.03493 
-.02217 .03557 .03485  -.03299  -.03354 
.00705 .03573 .03489  -.03194  -.03318 
.02055 .03578 .03517  -.00829  -.00911 
.03387 .03580 .03557  .00757 .02985 
.03567 .03598 .03716  .00830 .03483 
.03604 .03622 .03723  .03457 .03645 
.03659 .03646 .03733  .03491 .03647 
.03685 .03728 .03738  .03717 .03661 
.03715 .03736 .03849  .03726 .03694 
.03772 .03778 .03960  .03830 .03737 
.03798 .03855 .03975  .03880 .03756 
.03822 .03894 .03979  .03900 .03924 
.03917 .03950 .04037  .03974 .03926 
.03983 .04053 .04131  .04020 .03931 
.04212 .04074 .04164  .04076 .04115  
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Nano-accelerometer person momentum  
change per second chart 
CPM condition 
Typing  Movie 1  Writing  Movie 2  Mousing 
.13375  .07743  .16168 .09349 .12985 
.14010  .08369  .16216 .09483 .14856 
.14365  .09254  .16922 .10633 .15260 
.14540  .10291  .19209 .10916 .15627 
.15283  .10620  .19274 .11342 .15944 
.16116  .11192  .19358 .12607 .16175 
.16318  .11347  .20505 .12818 .17063 
.16443  .11920  .21660 .13083 .17275 
.16537  .12084  .22167 .13397 .18163 
.16563  .12333  .22497 .13685 .19337 
.16837  .12853  .22737 .14090 .19830 
.18048  .13653  .22877 .14797 .21036 
.18181  .13784  .23481 .15063 .22481 
.19053  .14106  .23635 .15104 .23619 
.19470  .15793  .24075 .15198 .24248 
.19949  .17101  .25274 .15365 .24479 
.20281  .17331  .25637 .15438 .24778 
.21128  .17424  .25650 .16516 .25072 
.21389  .18585  .25735 .17956 .25409 
.21649  .19060  .25868 .18051 .27378 
.22531  .19585  .29877 .21999 .28786 
.22580  .19858  .30289 .23088 .30272 
.23031  .19931  .31933 .23201 .31407 
.23323  .19954  .34500 .24016 .35619 
.24192  .20352  .34675 .24124 .35754 
.25313  .20870  .37081 .25592 .36010 
.25434  .21409  .37996 .26283 .39923 
.25761  .23663  .38375 .27165 .39985 
.26194  .26543  .40602 .27488 .42261 
.27013  .26867  .44481 .29690 .47696 
.28529  .28241  .45199 .30404 .47784 
.29941  .29689  .46477 .36269 .52687 
.29948  .35740  .46623 .37161 .54038 
.32593  .39711  .46844 .44247 .59729 
.34415 .44833 .49426 .71047 .12985  
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Nano-accelerometer person momentum  
change per second chart 
Static condition 
Typing  Movie 1  Writing  Movie 2  Mousing 
.07671  .04770 .13419 .05364 .09424 
.08738  .05930 .13679 .06332 .09983 
.11143  .06332 .14504 .06477 .10715 
.12007  .06422 .18476 .06774 .14914 
.12481  .06694 .18900 .08500 .15638 
.12677  .07381 .19113 .10325 .15748 
.13060  .07395 .20090 .10572 .18968 
.13558  .08283 .21175 .10720 .19062 
.14504  .09104 .22326 .11756 .19725 
.15184  .09415 .24102 .11968 .19957 
.15345  .09623 .25766 .13776 .22664 
.15831  .10571 .26806 .13987 .22838 
.16941  .11216 .27175 .15221 .24236 
.17131  .11781 .27314 .15396 .24369 
.17643  .12285 .27498 .15578 .25221 
.18570  .13397 .29963 .16003 .25325 
.19088  .14173 .30136 .18771 .26077 
.20017  .14694 .31726 .20145 .26744 
.21252  .15026 .31755 .20720 .27829 
.21324  .16269 .32492 .21376 .31838 
.22444  .17382 .33580 .23173 .33314 
.23165  .17738 .33954 .23748 .33425 
.23516  .18204 .36675 .26736 .38140 
.23733  .19875 .36782 .28672 .38631 
.24332  .20262 .38586 .31462 .38683 
.24882  .22739 .42355 .33995 .39845 
.27059  .23029 .44795 .34510 .40772 
.27095  .26079 .45272 .34689 .41502 
.28420  .27923 .50887 .40474 .46140 
.32215  .35282 .55643 .45443 .46603 
.34029  .40640 .58539 .50406 .49220 
.34113  .41786 .60106 .59204 .54515 
.34952  .45515 .62492 .60517 .68001 
.37999  .53290 .64376 .72744 .68197 
.50606  .54187  .73295 1.06501 1.15878  
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Nano-accelerometer 
person momentum change per second 
Task and Axis  M SD 
Type      
CPM .21438  .05549 
Static .21506  .09313 
Movie 1     
CPM .19722  .09895 
Static .20936  .17834 
Writing    
CPM .30104  .10557 
Static .35956  .17322 
Movie 2     
CPM .21333  .12164 
Static .29253  .26682 
Mousing    
CPM .28911  .12741 
Static .33261  .20670  
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Amplitude  
 Minimum and Maximum Chart for the Chair 
Task X-Axis  Y-Axis  Z-Axis 
  Min Max Min Max Min Max 
          
Typing  -.05373 .05592 -.01861 .01118 -.04040 .04212 
Movie  1  -.05474 .05354 -.01245 .00693 -.04108 .04120 
Writing  -.05113 .05405 -.01021 .00715 -.04342 .04271 
Movie  2  -.05299 .05384 -.00770 .01890 -.04088 .04076 
Mousing  -.05408 .05621 -.02090 .00759 -.04083 .04115  
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Appendix Q 
Post-Test Questionnaire Subjective Responses for Experiment One, Session One 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. * represents individuals who had pre-existing back pain. 
 
 
 
 
 
 
 
 
 
 
Session 
1 
In terms of sitting comfort, what chair features did you like most? 
Static condition 
Ss Comment 
6*  The lower back support (and the padding on the seat of the chair). 
8  The back of the chair and bottom are well cushioned, and comfortable, though the back is 
a little too low. 
10*  Back support and the right degree of cushion firmness. Very responsive and predictable 
bending. 
12*  The cushioning is adequate and nice. 
14  Seat height and length; didn’t cut into, but supported my thighs; wide arm rests; padding. 
16  The cushioning and stability of the seat. 
18  Large arm rest, back support; cushiony arm rests. 
22  The back support, and the cushion, which is soft but also firm. 
28*  I like the extra back support. I have poor posture so it kept me from slouching. Also, I 
came in with lower back discomfort that I felt was decreased by this extra support. 
30*  The seat and back are very padded giving it more cushion and comfort. 
32  I totally loved the adjustable back rest, and the arm rest. The arm rest supported my arm a 
lot when I was writing. I also liked the fact that I could adjust the height of the arm rest. 
35*  The shape of the back sides. 
36*  I liked the seat the most, it is extremely comfortable. 
39  The surface of the chair is really wide, and the lower back support was great. Also, the 
height at which it was adjusted provided support because I had a 90 degree angle at the 
knee. Soft padding—always good; soft, but firm at the same time. Very enjoyable. 
42  The arm rest were comfortable and the seat pan did not make me want to shift forward or 
back—it was stiff but comfy. 
44  Curvature in back, arms.  
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Note. * represents individuals who had pre-existing back pain. 
 
 
 
 
 
Session 
1 
In terms of sitting comfort, what chair features did you like most? 
CPM condition 
Ss Comment 
7  The back rest is very comfortable and conforms to the shape of the person’s back. The 
arm rests are also at a good height. 
9  The cushion and back support cushion were very comfortable. 
11  I like the lower cushion. It’s very comfortable. I like the curvature of the back rest. It’s 
very conforming to the shape of my back. 
13  I like the movement when I’m watching a movie but not when I am concentrating hard. I 
like the shape of the seat. 
15*  The movement of the chair was really nice. I felt it helped to ease tension on my hip. 
17  I like that it moves a lot. During the movie at certain points I could feel my blood 
circulating. Very cool. The chair also had good lower back support when sitting up. 
19*  The seat itself was nicely padded and when still seemed to support my legs well. 
21  It’s massaging, the movement is subtle. 
23 The  cushions. 
27*  Initially, the motion of the chair is relaxing, however, that soon changed. The cushion is 
plush and comfortable and the height of the chair was appropriate and supportive. 
29*  Moving seat—like a massage; material; stiffer—didn’t reflect my back position but 
supported it; silent—don’t hear sound of movement (unlike other massaging chairs). 
31*  The soft surface of both chair and back support. 
33*  Its movement, which makes my low back relax. 
34*  The movement is very nice and relaxing. 
37*  The seat of the chair was very nicely cushioned. 
38*  Height, seat cushion, handle. 
40  Perfect curvature of backrest; the rock and roll motion was nice but too much of it 
caused a little back pain. 
41*  Can support your back. 
43*  Movement, back support. 
45  I kind of liked the rotating cushion; I just wished it was a little bit more comfortable.  
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Note. * represents individuals who had pre-existing back pain. 
 
 
 
 
 
Session 
1 
In terms of sitting comfort, what chair features did you least like? 
Static condition 
Ss Comment 
6*  The fact that my feet did not fully reach the ground, which put more stress on my lower 
back. 
8  The arm rests are too low down almost to an uncomfortable level. 
10*  The height of the armrests not well adjustable; could use them a little higher. 
12*  My heels did not really touch the floor. I would never use this chair for myself because it 
does not go low enough for me to feel comfortable. Though it wasn’t a problem in this 
experiment, ideally I would like more lumbar support. 
14  Lower back support feels ‘iffy’; tilted maybe too far forward and no head, neck, upper 
back support. 
16  None in particular. 
18  Small back; distance of arm rests from my arms. 
22  I wish there would be a head rest. 
28*  It’s actually the same as above—while I liked the extra support I was not used to sitting 
up tall, so after awhile I started to feel uncomfortable in a way—like I wanted to slouch 
but couldn’t. 
30*  The elbow rests were too far away to use during the tasks. If they were closer to the body 
they would have been more useful. 
32  I liked mostly all of it. None that I absolutely disliked. But I think if I could not only 
adjust the height of the armrest but also if I could move the armrest left and right (inward 
and outward) it would have been even more comfortable. 
35*  Too low back (short). 
36*  The back of the seat is too formed to my back. It made me feel stiff. 
39  No shoulder/neck support (?!)—I just thought that up now! 
42  At first the lumbar support seemed stiff and high but I got used to it and ended up liking 
it. 
44  Didn’t really seem to have support for lower back. Seat length could have been a tad 
smaller as I am a small person.  
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Session 
1 
In terms of sitting comfort, what chair features did you least like? 
CPM condition 
Ss Comment 
7  I did not like the moving bottom cushion. It gave me lower back pain. 
9  The movement. I kept having to use my feet to prevent myself from slipping out of the 
chair. 
11  That the back rest wasn’t higher. I felt that it didn’t support enough of my back. Also 
there is no inclination of the bottom cushion. 
13  The chair back is a little low, there is little neck support. 
15*  I hope the chair has higher back support, which means my shoulder and neck do not get 
any support so I think it gets tired easily. 
17  If I slouched sometimes it felt like I might slide off but that wasn’t a huge issue. The arm 
rest were a little low but I did not check to adjust them. 
19*  The back seemed low for looking at the computer screen, especially when watching the 
film. When the seat tilted back it was most uncomfortable: it caused my feet to raise off 
the floor, discomfort on my legs where the seat pressed into them, and increased lower 
back pain. When the seat leaned forward, the largest problem was that I sometimes felt 
like it was going to tip me out. 
21  It’s kind of weird, moving like this when seated. You have to adjust to it.  
23 The  movement. 
27*  The movement became an annoyance. The back of the chair is too low. The arms seemed 
to interfere when using the mouse (too high). 
29*  Arms—too wide/far apart; no lumber support; too much space between arms of chair and 
back—my elbow was falling between it! 
31*  I can’t lean back. 
33*  Lack of lumbar support. 
34*  Sometimes the chair moves into the wrong direction making it necessary to adjust my 
position. Sometimes you feel like slipping off the chair but only slightly. 
37*  No head rest to lean fully back. 
38*  Movement, small handles. 
40  Too much rock and roll motion causes back pain. Caused neck pain after some time. The 
hand rest must extend all the way to the back. It doesn’t support the elbows. 
41*  Whatever immediately makes your back hurt. 
43*  Lifting feet off the ground. 
45  I hated the back rest it was completely uncomfortable, as well as the wheels coupled with 
the moving cushion. 
Note. * represents individuals who had pre-existing back pain. 
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Session 
1 
In the space provided, please freely write about your experience while sitting in this chair, 
reflecting on how you felt at the beginning, middle and end of this testing session. 
Consider your mental and physical comfort, whether you enjoyed the chair or if you were 
irritated by it, and whether these feelings changed throughout your sitting experience. 
  Static condition 
Ss Comment 
6*  Overall, the chair was comfortable—especially when it was pulled in close to the desk. 
Watching the ‘relaxing’ video actually made me realize that my back was bothering me. 
8  While writing was least comfortable because of armrest problem, movie was most 
because comfort of cushions. 
10*  I really liked the chair. I usually have to contort myself to relieve low back pain but this 
chair provided ample support and comfort throughout the experiment. I don’t think my 
butt moved once. 
12*  Naturally, I free-hand write rather intensely and tense my shoulders up so after the writing 
exercise I had nagging shoulder pain. 
14  I was trying probably more than I normally do to have good posture and not fidget 
because I knew I was being observed. The pain I experienced changed to different places 
with different tasks. I realized that sometimes I was tensing my shoulder or other muscles 
a lot even when just watching a movie. 
16  The chair was very comfortable, if anything, I felt restricted by having my feet on the 
floor and sitting upright. I usually sit with my legs crossed, or up in front of me. However, 
I think the backrest of the chair was comfortable and would have been comfortable to sit 
back in. The chair is less comfortable for writing and leaning forward, than sitting back. 
18  I would have liked the back to extend up further, but the large space for my lower half 
was ample. The cushions were pleasantly firm. 
22  I wish there was something to lean back on (i.e. head rest) because while watching the 
video, I did not feel as comfortable as I would have had there been a head rest. 
28*  Like I said above, I liked the chair a lot in the beginning, but I’m not all that used to 
sitting with good posture, so as the session continued I started to feel uncomfortable. 
Also, I feel it’s a little hard to judge because I did a new (and more difficult) workout 
yesterday and went dancing until late last night and am experiencing menstrual cramps. 
So overall my body is in an unhappy state today. 
30*  The chair was comfortable throughout the session. Maybe the back could have been a 
little higher to support the upper back, but the lower back needs support also. I felt as if 
more support was given to the middle back when more was needed to the lower. The seat 
should be able to be lowered because my knees were not in proper position which caused 
my legs/ankles to hurt a bit.  
32  At the beginning during the writing session I felt comfortable and the table height didn’t 
seem to matter. But as time went on my arm started to ache as I wrote for a prolonged 
period of time. But the arm rest totally supported my arm. When I watched the movie, I 
usually laid back more, so I liked the back rest. Other than that the chair is pretty 
comfortable. 
35*  I generally enjoyed the chair but I noticed that the comfort/discomfort moments seemed to 
be related more to the position (writing vs. typing) of my arms. i.e. less pain/more comfort 
when typing or writing.  
36*  I was fine in the beginning but I got gradually more restless sitting without being able to 
stand up. 
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(Continued) 
39  I really think the chair is comfortable—certainly more comfortable than my current office 
chair. I didn’t really feel the need to get up and walk, stretch etc. I can say I felt good 
during the entire time, with short discomfort only when the activity required a posture that 
forced flexing of muscles for a longer period of time 
42  I was surprised by how ‘rocked’ I felt in the butt. I usually shift around and in this case 
wasn’t tempted. I did get fidgety but more mentally than physically. Upper back and 
shoulders got a little stiff with typing. 
44  By the end, I realized I would avoid this chair like the ones that I avoid at work, preferring 
a simple wooden chair with vinyl back and seat. Beginning I really had no opinion as I 
had just sat down, but spending time on concentrated tasks like typing, writing, shooting 
game increased my dislike immensely. I could slouch while watching TV easily so that 
wasn’t a big deal, but it increased my restlessness.  
Note. * represents individuals who had pre-existing back pain. 
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Session 
1 
In the space provided, please freely write about your experience while sitting in this chair, 
reflecting on how you felt at the beginning, middle and end of this testing session. 
Consider your mental and physical comfort, whether you enjoyed the motion of the chair 
or if you were irritated by it, and whether these feelings changed throughout your sitting 
experience. 
  CPM condition 
Ss Comment 
7  At first the chair seemed very comfortable. The motor wasn’t on yet and it seemed to be a 
very stable, well-padded chair. After about 2 minutes, I began to feel very uncomfortable 
while typing. The meditation/massage video (the first showing) relaxed me again. The 
chair became more comfortable. During the shooting exercise, the chair increased the pain 
in my back and even during the video, it didn’t cease. Physically, the pain wasn’t horrible 
but I think that I focused on it too much, which intensified the pain. 
9  At the beginning, during the game with the mouse, I didn’t really notice the movement 
because I was concentrating on the game. While watching the movie, since I was not 
actively doing anything, the movement was much more noticeable. At first it didn’t bother 
me, but as the session continued, the constant need to readjust myself so I didn’t fall out 
of the chair became somewhat annoying. 
11  As soon as I sat in the chair, I thought ‘wow this is comfortable’. When the chair began to 
move, I was a little weirded out at first, but in time I grew used to it. I didn’t have many 
problems writing. It was slightly distracting when watching the movie because I was 
thinking about the movement. My back began to hurt when I was finished typing and 
actually my neck is pretty stiff right now. I’ve begun to ignore the movement but in the 
back of my mind, I know that it’s still there. Also, the movement of the chair made me 
increase the pace of my task, probably an explanation for my messy hand writing that is 
usually neat for the most part. 
13  The motion was relaxing at first but slightly annoyed me as time went on especially when 
I was concentrating on the game. However, I did feel the need to switch my position less.  
15*  I enjoyed the motion of the chair. It would be nice if I got control over the chair so I could 
adjust the motion. I feel it is a comfortable chair because normally, when I sit for a long 
time the hip and lower back get tired but I think this chair avoids that. 
17  Overall, I really liked the chair, it was really relaxing during the movies to have the 
movement, but when I was concentrating on typing or shooting I barely even noticed it. 
By the end I think I was more susceptible to tilting with the chair at the beginning I was 
trying to stay straight and by the end I was just going with the flow. 
19*  Overall, I disliked the motion of the chair because it wouldn’t allow me to find a 
comfortable position to sit in. I didn’t feel like it hampered my abilities too much, other 
than slowing me down because sometimes I was distracted by the chair. I felt like it might 
have thrown off my ability to play the game because I was unbalanced, but for the typing 
exercises possibly more personally aggravating was not being able to correct mistakes. 
21  In the beginning it was weird, but as you go on, you get used to it, and you don’t notice 
the movement as much. 
23  At the beginning, I was comfortable and I became increasingly more nauseous until the 
chair stopped moving. The movie made me tired and fidgety.   
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(Continued) 
27*  Initially, the chair felt very comfortable and supportive. The motion was relaxing and I 
felt balanced. As time went on I felt the need to adjust my posture and I began to 
experience annoyance with the motion. Back pain ensued. Currently, I hate the motion 
and it is very annoying and it is mentally stressful.  
29*  I liked the change in seat movement. It distracted me somewhat in the typing phase—
when it hit a certain angle, it disrupted my typing. Physically: comfortable for the most 
part—it was relaxing to sit in while watching the massage video. By the end, I was much 
less tense and liked the chair more than at the beginning.  
31*  I felt a little annoyed by the movement of the chair at the beginning, but I got used to it. 
However, it’s kind of hard to ignore. I felt a little bit unbalanced when the chair surface 
leaned to lateral sides. And it’s not very comfortable that I can’t lean back when I was 
watching the video. Personally I feel like this chair works not very well. I think I would 
like it better if the movement is at the lower back. 
33*  It felt hard to use the mouse (increasingly more difficult). I liked the movement very 
much (increasingly). 
34*  Movement of the chair—feels good and after a while you barely notice it; I’d happily 
exchange my chair for this one. The back rest should be more flexible as I sometimes 
prefer ‘lying’ in my chair. Generally, the chair seems to work better for activities like 
writing and computer work when you want to lean back for watching a movie it is still 
okay but not that comfortable. 
37*  I would prefer to have less motion in my chair. Instead of swaying back and forth a steady 
and subtle vibration would be more comfortable. 
38*  Initially, it felt little better. But it was irritating afterwards since it was increasing my back 
pain. Throughout my sitting, I felt uncomfortable by the movement which aggravated my 
back pain. 
40  The motion of the chair was pleasant initially but caused a little back pain later on but that 
vanished quickly. It was irritating to write with the motion turned on. 
41*  At the beginning, I could not concentrate very much on typing or writing. Playing games 
was much better; I didn’t notice the movement of the chair. I was most distracted while 
watching the videos. I gradually started feeling the back pain, at the end of the session, 
my back feels a little stiff, and I was feeling restless. But while watching videos, I felt the 
chair’s movement was good for relieving my back pain. 
43*  Massaged and relaxed my lower back muscles but sometimes lifted feet making it strange 
and distracting. 
45  I felt the chair was comfortable in the beginning of the testing; but as I began to do tasks 
and watch TV it became distracting and uncomfortable especially when the movements 
made it harder to complete my tasks. 
Note. * represents individuals who had pre-existing back pain.  
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Session 
1 
How does this compare with your typical sitting experience? 
Static condition 
Ss Comment 
6*  This chair is more comfortable that most chairs I have sat in—it generally improved my 
‘sitting experience’. 
8  Better in some sense—with respect to overall comfort—yet more discomfort because of 
arm rests. 
10*  This chair puts my typical sitting experience to shame. 
12*  It is similar—but usually I can make the seat go lower—complete flat foot on floor is 
most comfortable. 
14  It’s about normal. I normally shift positions a lot more as a coping mechanism, but after 
long enough it feels like this did. 
16  I usually sit with my legs crossed, or up on the chair, so this position was a bit stiffer 
than I am used to. 
18  I would have changed leg position a lot more in my own chair (sitting with one or both 
knees up, in a pretzel style on chair, one leg over armrest, etc). Generally, I move 
position a lot (sit straight, sideways, hunched, etc). 
22  The back support and armrests are similar, but the cushion here is a little firmer and my 
chair has a head rest. 
28*  I think overall it was probably better. Good for my posture at least (something I’d like to 
work on). 
30*  Definitely more comfortable than my dorm room wooden chair especially to do work in. 
As for viewing the movie, a couch would have been more comfortable and less 
restricting. For the time using the chair, however, it was comfortable and did not cause 
as much pain as other chairs do. 
32  I liked this chair much better than the one I used in my room provided to me by this 
institution. The chair back in my room is wooden. No adjustable height settings, no 
wheels to move on and most importantly no armrests. Therefore, I usually use the library 
to do my work. This chair is an awesome one compared to the one I have back in my 
room. With this chair I can see myself working and studying in my room. 
35*  In general, better shape of back and seat than my usual experience but shorter back. 
36*  Exactly the same. I’m fine at first, but get more uncomfortable the more I sit. 
39  It is better! I never normally sit down longer than 30 minutes; I feel the urge to get up 
and stretch. The support for the lower back is great! I think it makes all the difference. 
42  The back was not as comfortable but the seat was more so than most chairs I use. 
44  I realize that I move a lot more rarely sitting for more than half an hour. This makes up 
for the poor chairs I sit in some times. At home I have a Herman Miller chair that is 
perfect. I spend a lot of time on the pc, watching TV in my den.  
Note. * represents individuals who had pre-existing back pain.  
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Session 
1 
How does this compare with your typical sitting experience? 
CPM condition 
Ss Comment 
7  Without the motor, the chair would far exceed my current desk seating. However, the 
motor ruined the chair experience for me and made me not want or care to do the task at 
hand. 
9  Usually when I sit, I move around and adjust the way I sit much more often. Overall, it 
was fairly comfortable, and didn’t seem to hinder my ability to complete any of the tasks, 
but I think I would prefer a stationary chair. 
11  It’s much different. More comfortable on the bottom. I’m used to wooden chairs in the 
plant science building, but there is not enough back support on this chair. 
13  I guess better because it’s been an hour and usually my back hurts by now. 
15*  I would say this chair is much better for long time sitting. But basically I would use the 
chair with higher back support for normal tasks. I think this chair is good for computing. 
17  It certainly is more interesting. It is also much more comfortable than my desk chair in my 
room. Rather enjoyable. 
19*  It was far less comfortable and caused more pain than a normal computer chair would.  
21  It’s different, some of the chairs I use daily are hard, and others have padding. 
23  Worse—the movement of the chair made me too nauseous to be productive. 
27*  The motion and annoyance from it are the only differences. I often change posture and 
after sitting for awhile do experience slight back pain. 
29*  Better in all parts, expect lumbar support and that it’s hard to lean back on it. 
31*  The movement of the chair is novel and hard to ignore. I would like to be able to lean 
back a bit when I’m working to relax a little bit, but in this chair I couldn’t. It keeps you 
in an upright position and the chair is a little too wide for me; my arms couldn’t rest 
comfortably on both armrests. 
33*  Indeed, more comfortable, at least as far as low back and hips are concerned. 
34*  Definitely better, there are a lot of terrible chairs. 
37*  Better. This chair provided better cushioning and lower back support, it helped to 
maintain my posture. 
38*  Worse. I don’t feel much pain on normal chairs but this chair is not comfortable for me. 
40  I feel the chair is more comfortable than what is normally used because it’s well padded 
and feels softer. Gives better back support than the one that I use. I wish it had a head rest 
too! 
41*  This gave me more distraction at the beginning. I guess if I get used to it I may feel much 
better. But generally, I felt my back pain arrived later and lighter than sitting in a usual 
chair. 
43* Much  better. 
45  Completely bad. If the back rest was a little bit more supportive I think my experience 
would have been better. Otherwise, besides the rotating cushions, I believe it would have 
been closely rated with other seats I sit in all day. 
Note. * represents individuals who had pre-existing back pain. 
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Appendix R  
Post-Test Questionnaire Subjective Responses for Experiment One, Session Two 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Session 2  In terms of sitting comfort, what chair features did you like most? 
  Static condition 
Ss Comment 
7  The back cushion and the bottom cushion because they form to my body, which makes 
it comfortable. 
9  The back rest and the seat cushion are very thick and comfortable. 
11  I like the comfortable wide cushion on the bottom of the chair and its form. I like the 
material the chair is made of. I like the wide arm rests. I like the c-shape of the back 
rest. 
13  The pad is thick so it’s kind of comfortable. 
15* Lower  back  support. 
17  Good lower back support. Comfortable seating pad. 
19*  The padding on the chair was nice and for sitting still (watching the movie) the arms 
were good. 
1  Padding, makes it more comfortable. 
23  The cushions and armrests. 
27*  The cushion is very supportive. The seat height is appropriate for my body. 
29* Padded  seat  back. 
31*  The soft cushions. 
33* Arms,  adjustable. 
34*  Just an ordinarily comfortable office chair. 
37*  Higher arm rest compared to last time, soft seat, the back of my chair felt more flexible 
this time. 
38*  Handle; backrest. 
40  The back rest is perfect. The cushion is good too. Adjustable hand support. 
41*  Stability. Easy to concentrate. 
43*  None…soft cushions and somewhat supportive but seems to be a normal chair overall. 
45  The arm rests. 
Note. * represents individuals who had pre-existing back pain. 
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Session  
2 
In terms of sitting comfort, what chair features did you like most? 
CPM condition 
Ss Comment 
6*  The movement—it was strangely relaxing. 
8  The arm rests were at a better height than last week. The height was ok. 
10*  The support and padding. 
12*  The movement, the way it fit me (with the box under feet)—like feet flat. 
14  The large yet firm amount of seat padding. How the movement of the chair kind of 
stretched my back out, changed my back alignment, so it was like fidgeting for me. 
Armrest height and width’s good too.  
16  The seat offered a lot of support in the seat, and the back was less supportive but still very 
comfortable. When the seat was NOT moving it was very easy to maintain good posture 
and focus on the tasks. 
18  Large seat cushion. Cushioned arm rests. 
22  The chair itself was soft. 
28*  The chair is itself a comfortable chair, with nice back support, nice cushioning etc. I 
actually quite like the movement. It was a little weird when I first sat down, but then it 
acted like a nice little massage. 
30*  The cushioning was good on the seat and back. 
32  The soft cushioned chair was all I like about this chair. 
35*  Shape of back; movement of the seat (all but forward). 
36*  The seat is extremely comfortable. The back support, put in the right position, makes 
sitting more enjoyable and less painful. 
39  Highly adjustable; I was perfectly comfortable. 
42  The moving seat pan is great. Stretches and massages the back and kept me alert…and I 
was very sleepy! The lumbar support is also great. 
44  The motion of the chair. It reduced/eliminated back tension/aching etc. 
Note. * represents individuals who had pre-existing back pain. 
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Session 
2 
In terms of sitting comfort, what chair features did you least like? 
Static condition 
Ss Comment 
7  The arm rests seem too rigid and in the way when using the mouse. I must angle the chair 
in order to use the mouse properly. 
9  The seat was a little high so my feet didn’t reach the ground. However, we got a box and 
that seemed to solve the problem. 
11  I don’t like the small size of the c-shape back rest. I don’t like the 90 degree angle that the 
back rest and seat cushion make and I don’t like that I can’t touch the floor.  
13  I don’t like how low the back of the chair is. 
15*  Arms—little bit high. I hope the back has higher support. Doesn’t mean it was not 
adjusted, just longer back board. 
17  Arm rests a little low. 
19*  The arm limited my ability to move the mouse which impaired my game playing abilities. 
21  Nothing really, nice chair. 
23  That I couldn’t lean back or recline. 
27*  The arms were not comfortable to have when I used the mouse. Before adjusted the back 
seemed to be too much forward. 
29*  No lumbar support; back didn’t meet contour of my back; arms prevented me from using 
the mouse easily. 
31*  Not able to lean back. 
33*  Back support not enough. 
34*  The back rest is somehow uncomfortable and caused pain in my middle-left part of the 
back. 
37* n/a 
38*  Open handles, open structure of chair. 
40  The hand support has limited extension length. The back rest must have a little spring or 
something. It’s too stiff. 
41*  Not comfortable while watching videos. 
43*  Back did not feel well supported sometimes. 
45  I hated the back support portion of this chair. It doesn’t feel all that comfortable, but it’s 
not significant. 
Note. * represents individuals who had pre-existing back pain. 
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Session 
2 
In terms of sitting comfort, what chair features did you least like? 
CPM condition 
Ss Comment 
6*  I would have preferred having more upper back support. 
8  The motion was not soothing at all, made me dizzy; I felt like I was spinning. I couldn’t 
concentrate on the task. 
10*  More adjustability in the arm rests. 
12*  none 
14  The low back. It’s too far forward and no head support. 
16  When the chair moved, it was very distracting, and caused me to shift balance and made 
maintaining posture difficult. Also, it was harder to focus on the tasks. 
18  The chair seems to rotate mainly in the same pattern –a more random variable pattern of 
movement would be better. I had to re-adjust back posture fairly often because of the 
movement.  
22  The massaging aspect. 
28*  Nothing I can think of. 
30*  The movement of the chair was unpredictable therefore causing it to be more of an 
annoyance. 
32  The moving seat was first ok. Kind of gave me some massage but towards the middle 
and end, it became more annoying. 
35*  Forward movement of chair. 
36*  Only that for me the arm rests are too far apart. 
39  I can’t think of any! 
42  Arm rests might be a little hard but I have bony elbows. 
44  The chair motion. If it was less extreme I would have enjoyed it. 
Note. * represents individuals who had pre-existing back pain. 
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Session 
2 
In the space provided, please freely write about your experience while sitting in this chair, 
reflecting on how you felt at the beginning, middle and end of this testing session. 
Consider your mental and physical comfort, whether you enjoyed the chair or if you were 
irritated by it, and whether these feelings changed throughout your sitting experience. 
  Static condition 
Ss Comment 
7  Compared with last time, my chair experience was much more enjoyable due mostly to 
the lack of motor/moving bottom cushion this time around. Only during the shooting 
game did I really experience some discomfort, which bled into the video segment. I felt 
uncomfortable in those 10 minutes as a result. 
9  Sitting in the chair was comfortable. It wasn’t the most comfortable chair I’ve ever sat in, 
probably because I usually move around more overall. The chair did not impede my 
ability to complete any of the tasks.  
11  Sitting in the chair, I experienced a little bit of discomfort after the writing session; 
however, this may have been primarily because I was hunched over on the desk. I also 
grew fidgety during the 2 movie clips while I was in the chair, but for the most part I was 
comfortable the entire time. 
13  The chair was fairly comfortable but I started to get a little stiff and antsy as the session 
went on. 
15*  It was perfectly comfortable. From the beginning to the end, I got a little tired later but I 
think it is not because of the chair but because of the time I spent on the chair. 
17  It is a good chair, I was most relaxed after the first movie, and was starting to get a little 
restless at the end, the arm rests definitely need to be higher. I miss the moving chair. 
19*  Overall the chair was comfortable more so than many. The typing and writing tasks still 
caused strain, but for sitting still, the chair was comfortable I could hardly stay awake. 
21  I felt the same in the beginning, middle and end. 
23  At first I enjoyed the chair but my comfort level declined as I completed the different 
tasks. My mental health remained constant. 
27*  The chair was fine and certainly more comfortable than when it was in motion. I had less 
discomfort during this session because the chair was stationary and also because I allowed 
myself to change positions in the chair more often. I was the most restless during the 
videos because I was bored and could focus on my sitting situation. I became more 
fidgety towards the end due to just remaining seated for a full hour. 
29*  I felt restless in the chair—I kept wanting to adjust my body position but realized that 
there was no comfy way to sit back and relax in the chair because the back and arms did 
not allow for that. I felt more uncomfortable as the experience went on. 
31*  I was quite comfortable sitting in this chair. Cushions are soft, back support quite good. 
But arm rests are not very good; I couldn’t put both my arms on the arm rests at the same 
time when I was watching the video. Also, as mentioned above, I can’t lean back easily; I 
have to adjust my position.  
33*  The chair is generally very comfortable for working on computers. But I felt difficulty 
using the mouse and the keyboard. Also, I felt awkward when I tried to place my feet. 
Somehow they just didn’t find a comfortable position. 
34*  The pain described above was annoying. 
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(Continued) 
37*  It was fairly comfortable throughout the whole thing. 
38*  Initially, I did not have much pain, but it increased steadily and at the end I was 
uncomfortable sitting. 
40  I felt restless while watching a video because there’s no head or neck support. Writing 
also was uncomfortable because there is no sufficient hand support. 
41*  The chair provided more concentration when I was typing or writing. But it seemed to be 
too hard to relieve my back while watching videos. I like more the rotating chair in this 
aspect. When you were relaxing (like watching movies) you need a chair of massage. 
43*  I felt increasingly tense and fidgety with increased back pain in the shoulders and lower 
back and increased numbness in my right foot. 
45  I would say sitting in the chair in the beginning was ok. I felt relaxed and comfortable. 
Once I began watching the movie, I began to feel uncomfortable and not relaxed. This 
feeling changed when I started an activity like writing or typing where I was distracted 
from the pain/discomfort I was feeling. I would say I did not enjoy the chair at all. It felt 
like a regular cheap ordinary chair that would be in a class room. 
Note. * represents individuals who had pre-existing back pain. 
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Session 
2 
In the space provided, please freely write about your experience while sitting in this chair, 
reflecting on how you felt at the beginning, middle and end of this testing session. 
Consider your mental and physical comfort, whether you enjoyed the motion of the chair 
or if you were irritated by it, and whether these feelings changed throughout your sitting 
experience. 
  CPM condition 
Ss Comment 
6*  Overall, I found the chair (movement included) to be quite comfortable. When watching 
the video, however, the movement combined by the relaxing music made me very sleepy. 
When writing/typing the movement was just a nice distraction when I noticed it (though 
usually I forgot or lost track of the fact that the chair was moving). 
8  Irritated, because of the motion…too much of an angle on the spinning, made me feel like 
I was on a ride…not suitable for an office chair, I would not be able to seriously work on 
that chair without becoming sick. 
10*  I felt that the motion of the chair stretched my back. I would have liked to have turned in 
on occasionally to break the monotony and focus on stretching my back. 
12*  When I got here my lower back was tender but nothing too bad, I really liked the moving 
chair on my lower back. The change of level made it feel better (though it will always be 
tender). Mentally, it didn’t affect me. 
14  I felt that trying to maintain a stable position on this chair (like for example just naturally 
keeping my back straight and upper body still while the rest moved) actually tensed me up 
without knowing it and caused more pain than it was worth. 
16  The chair was more comfortable when it did not move. At first, the moving was 
interesting and helped when I shifted balance, but towards the end it became 
uncomfortable. 
18  At first I was a little thrown off—using a mouse was the hardest task with the movement. 
Watching the movie and the movement was soothing—I felt more relaxed, physically and 
mentally. The motion would be ok for some tasks, but bothersome/distracting for others. 
22  I am not a big fan of massaging chairs and this one is no exception. While initially it felt 
nice, after 1 hour, I wanted a regular chair. 
28*  At first, the movement was sort of bizarre, but once I got used to it, after maybe 30 sec, I 
really quite liked it. It was best when I was watching the video because I was sitting back 
more and the movement would gently push my back into the back rest. I think it was least 
beneficial while typing because I have a tendency to lean forward while typing. I had a 
little stiffness at one point in my right shoulder—though I suspect that would occur 
regardless of the chair. 
30*  The chair was comfortable however the movement changed that a bit. Although it was not 
too extreme, it was noticeable throughout more so when just sitting. While writing/typing, 
the movement wasn’t as noticeable as at other times. 
32  At the beginning when the chair began to move I felt a kind of massage on my back and 
seating posture. Yet towards the middle the seat (movable) caused my back to ache a little 
bit even though I don’t have a usual back pain. When writing and typing, the moving seat 
caused me to lose attention and make a lot of errors The chair didn’t have an adjustable 
arm rest thus my hands also began aching after awhile. 
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(Continued) 
35*  Overall I enjoyed the motion mostly in the first half of the trial. One hour of the motion is 
too much. However, I got used to it but sometimes was annoying (mouse use). In my idea 
would be regulating the motion based on the back (specific problem). And, also it should 
not be constant but intermittent with random length intervals. 
36*  At the beginning I was a little tense and my back was bothering me. It slowly became less 
painful and I became so much more relaxed. Even if I did still have slight pain in my 
back, I was distracted by the pleasant moving of the chair. 
39  I think the movement of the chair acted as a massage, and I did not get any pain in the 
lower back as a result of sitting in the chair for an hour. Usually, I need to get up and 
stretch every 30-45 minutes, but I did not need to now. I was not bothered during my 
tasks, except a little while typing. But then again, I am not a fast typer so it would not 
matter much. 
42  It took some getting used to but I ended up quickly loving the motion and feeling very 
comfortable. I want one! Overall, this is one of the most comfortable chairs I’ve used. 
44  Over time I got used to the chair motion and found I was able to focus easier while 
writing and typing. It was more comfortable/sleep inducing while watching the videos and 
I didn’t feel the need to change position as much as the previous session. It made it more 
difficult to focus on tasks that needed attention, the chair motion. 
Note. * represents individuals who had pre-existing back pain. 
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Session 
2 
How does this compare with your typical sitting experience? 
Static condition 
Ss Comment 
7  It is much better because the cushions have more support. My desk chair has minimal 
cushions. The only problem with this chair is that the back may be too low and there is no 
place to rest your head. 
9  It was comparable. Usually, I think I move more when sitting, but in general it was very 
comfortable. 
11  Compared to my typical sitting experience, this chair is a lot more comfortable, is made of 
better materials, and is higher off the ground. 
13  This was better because the chair in my room is more stiff and more uncomfortable than 
this one. 
15*  It wasn’t so different from typical sitting experiences. 
17  Fairly standard comfortable office chair with the exception of slightly better lower back 
support. 
19*  I think this chair rates higher than my normal sitting experience. It is most definitely more 
comfortable than either my desk chair in my room or the one in my studio. If anything, 
the keyboard felt a little low, but I am used to having my laptop on my desk. 
21  A lot more comfortable, I usually sit in hard chairs, sometimes padded ones though. 
23  Probably the same—this is a better quality chair than I usually sit in but it felt a little 
restrictive. 
27*  This was a typical sitting experience. Nothing was really any different than if I was 
working at my desk in my room. That being said, I would not normally sit for a full hour 
without getting up to stretch. Other than that, this experience was not unique. 
29*  Seat is more comfortable, back is not. It constricts motion more than my chair at home. 
31*  Pretty much the same. But usually the chair I sit in doesn’t have arm rests, and I don’t 
really like it when it’s too wide to put both my arms on them at the same time. 
33*  I usually use lumbar support while sitting. 
34*  Lots of bad chairs on campus so it was okay; definitely worse than with the moving 
activated. 
37*  Better, more cushion than most classroom chairs. 
38*  Not so good. This is a bit painful. 
40  This chair is much more comfortable than the ones that I generally use. I sit on a wooden 
chair at home and this is a great improvement over that. 
41*  Not too much different. 
43*  About normal, slightly more comfortable because of the arm rests and soft cushions. 
45  Pretty much the same. At work the chairs are more comfortable so that experience is a 
little more enjoyable but otherwise the experience has not had a significant change. 
Note. * represents individuals who had pre-existing back pain. 
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Session 
2 
How does this compare with your typical sitting experience? 
CPM condition 
Ss Comment 
6*  The chair was much more comfortable than chairs I typically sit in—it would be perfect if 
the back were higher. 
8  Worse. As far as how I felt, just sitting without motion is pretty good. 
10*  Still heads above any other chair! 
12*  My chair usually doesn’t move, but task and length-wise, it was comparable to my typical 
experience. The movement made my experience better on my lower back. 
14  Very different pain in different parts of my back is the thing I noticed most. 
16  Usually the seats are less padded and less supportive. I usually sit with my legs crossed 
and lean forward. This chair made it easier to sit up straight. 
18  I do not sit still for this long without getting up and I fidget a lot more, move my legs and 
posture very frequently, which I did not do for the testing session. 
22  I prefer my typical seat. 
28*  I would say it is probably better once you get adjusted to the movement of the chair. I 
think I would want to try sitting in it again to see if every time I sat down it took a few 
seconds to get used to or if after spending some time sitting in it if I would be used to it 
always. 
30*  Very different because of the movement. But the comfort level of the seat itself is better 
than other chairs because of the cushion. 
32  I don’t like this seat for normal daily activities such as working, typing, and writing, etc. 
the movement builds up pain while performing various tasks at work and also creates 
distraction. But I would maybe like to use it to have it as a possible massage chair while I 
am relaxed or watching a movie, etc. 
35*  Except for few moments when the motion is not necessary or it is annoying (mouse) it is 
better than my general experience. 
36*  It was much better. Normally I would have felt extremely uncomfortable and restless after 
an hour, but I feel good now. 
39  I think it was a lot better than my typical sitting experience. 
42  As I said, the motion makes this one of the most comfortable chairs I’ve ever used.  
44  My work requires me to move around a lot. So I normally don’t sit for an hour or move 
very often. I need to change my position a lot and even move my chair as I do my work. 
Having a chair with a slight motion might really help those times I have extended periods 
of sitting. 
Note. * represents individuals who had pre-existing back pain. 
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Appendix S  
Experiment Two Post-Test Questionnaire Descriptives 
 
Item  f M  SD 
Q2: Time sitting during work day (in hours) 
between 1-3hrs 
between 3-5hrs 
between 5-7hrs 
between 7-9hrs 
more than 9 hours 
 
0 
3 
5 
3 
0 
 
4.00 
 
.774 
NIOSH area where there is current pain: neck 
pain free 
very minor annoyance 
minor annoyance 
annoying enough to be distracting 
can be ignored but still distracting 
 
8 
2 
0 
0 
1 
 
.546 
 
1.21 
NIOSH area where there is current pain: shoulder 
pain free 
very minor annoyance 
minor annoyance 
           can be ignored but still distracting 
 
8 
2 
0 
1 
 
.636 
 
1.29 
NIOSH area where there is current pain: upper back 
pain free 
very minor annoyance 
minor annoyance 
annoying enough to be distracting 
can be ignored but still distracting 
can't be ignored for any length of time 
 
6 
1 
2 
0 
1 
1 
 
1.36 
 
2.01 
NIOSH area where there is current pain: elbow 
pain free 
 
11 
 
0 
 
0 
NIOSH area where there is current pain: low back 
pain free 
very minor annoyance 
minor annoyance 
annoying enough to be distracting 
can be ignored but still distracting 
can't be ignored for any length of time 
 
2 
3 
4 
0 
1 
1 
 
1.90 
 
1.76 
NIOSH area where there is current pain: wrist/hand 
pain free 
 
11 
 
0 
 
0 
NIOSH area where there is current pain: hip/thigh 
pain free 
 
11 
 
0 
 
0 
NIOSH area where there is current pain: knee 
pain free 
very minor annoyance 
 
10 
1 
 
.091 
 
.302 
NIOSH area where there is current pain: foot 
pain free 
 
11 
 
0 
 
0 
Q5: Frequency of back pain per day (typically) 
occasionally (once or twice) 
often (several times) 
all the time (persistent) 
 
3 
5 
3 
 
2.00 
 
.775 
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Item  f M  SD 
Q6: Time when back pain is usually experienced 
back pain only when sitting for long time (more than 2 hrs) 
after sitting for an hour, usually feel back pain 
anytime sitting, feel back pain 
 
3 
5 
3 
 
3.00 
 
.775 
Chart 1a: felt pain while sitting 
not at all 
some of the time 
most of the time 
 
3 
6 
2 
 
1.91 
 
.702 
Chart 1b: whether feelings changed while sitting in chair 
increased 
no change 
decreased 
occurred periodically 
 
4 
4 
0 
3 
 
2.19 
 
1.25 
†Chart 2a: felt comfortable while sitting  
all of the time 
most of the time 
some of the time 
not at all 
 
0 
7 
3 
1 
 
2.00 
 
.688 
Chart 2b: whether feelings of comfort changed  
occurred periodically 
decreased 
no change 
increased 
 
4 
3 
2 
1 
 
2.00 
 
1.05 
Chart 3a: felt nauseous or sick 
not at all 
some of the time 
 
8 
3 
 
1.27 
 
.467 
Chart 3b: whether feelings of nausea changed 
increased 
no change 
decreased 
occurred periodically 
 
1 
9 
0 
1 
 
2.09 
 
.701 
Chart 4a: felt dizzy while sitting 
not at all 
some of the time 
 
8 
3 
 
1.27 
 
.467 
Chart 4b: whether feelings of dizziness changed 
increased 
no change 
decreased 
 
2 
8 
1 
 
1.90 
 
.539 
Chart 5a: did not like movement of chair 
not at all 
some of the time 
most of the time 
all of the time 
 
5 
4 
1 
1 
 
1.81 
 
.982 
Chart 5b: whether feelings of not liking movement changed 
increased  
no change 
decreased 
occurred periodically  
 
2 
7 
1 
1 
 
2.09 
 
.831 
†Chart 6a: felt stable and balanced  
all of the time 
most of the time 
some of the time 
not at all 
 
2 
5 
2 
2 
 
2.36 
 
1.03  
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Item  f M  SD 
Chart 6b: whether feelings of stability changed  
occurred periodically 
decreased 
no change 
 
3 
6 
2 
 
1.92 
 
.701 
Chart 7a: felt distracted or had difficulty concentrating 
not at all 
some of the time 
most of the time 
all of the time 
 
5 
5 
0 
1 
 
1.72 
 
.905 
Chart 7b: whether feelings of distraction changed 
increased 
no change 
decreased 
occurred periodically 
 
4 
6 
0 
1 
 
1.82 
 
.874 
†Chart 8a: felt supported by the chair. Did not feel the need to 
adjust posture  
all of the time 
most of the time 
some of the time 
not at all 
 
 
2 
4 
3 
2 
 
 
2.45 
 
 
1.04 
Chart 8b: whether feelings of support changed  
occurred periodically 
decreased 
no change 
missing 
 
3 
6 
1 
1 
 
1.80 
 
.632 
Chart 9a: felt restless, annoyed, tense 
not at all 
some of the time 
most of the time 
all of the time 
 
3 
5 
2 
1 
 
2.09 
 
.944 
Chart 9b: whether feelings of restlessness changed 
increased 
no change 
decreased 
occurred periodically 
missing 
 
4 
4 
1 
1 
1 
 
1.90 
 
.994 
Chart 10a: felt unstable in the chair or could slip out 
not at all 
some of the time 
most of the time 
all of the time 
 
7 
3 
0 
1 
 
1.55 
 
.934 
Chart 10b: whether feelings of instability changed 
increased 
no change 
decreased  
occurred periodically 
 
1 
9 
0 
1 
 
2.09 
 
.701 
Chart 11a: had difficulty viewing, reading task 
not at all 
some of the time 
all of the time 
missing  
 
7 
2 
1 
1 
 
1.50 
 
.972 
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Item  f M  SD 
Chart 11b: whether feelings in difficulty viewing, reading changed 
increased 
no change 
decreased 
missing 
 
2 
7 
1 
1 
 
1.90 
 
.568 
†Chart 12a: liked the movement of the chair  
all of the time 
most of the time 
some of the time 
not at all 
 
2 
4 
3 
2 
 
2.45 
 
1.04 
Chart 12b: whether feelings of liking the movement changed  
occurred periodically 
decreased 
no change 
increased 
 
5 
3 
2 
1 
 
1.91 
 
1.04 
†Chart 13a: felt relaxed and content  
all of the time 
most of the time 
some of the time 
not at all 
 
1 
4 
5 
1 
 
2.56 
 
.820 
Chart 13b: whether feelings of relaxation, contentment changed  
occurred periodically 
decreased 
no change 
increased 
missing 
 
4 
4 
1 
1 
1 
 
1.90 
 
.994 
Chart 14a: felt movement limited ability to type 
not at all 
some of the time 
most of the time 
all of the time 
 
7 
3 
0 
1 
 
1.82 
 
1.17 
Chart 14b: whether feelings of limited typing changed 
no change 
missing 
 
10 
1 
 
2.00 
 
0 
Chart 15a: felt motion sickness while sitting 
not at all 
some of the time 
 
10 
1 
 
1.09 
 
.302 
Chart 15b: whether feelings of motion sickness changed 
increased 
no change 
 
1 
10 
 
1.90 
 
.302 
†Chart 16a: felt massaged by motion of chair seat  
all of the time 
most of the time 
some of the time 
not at all 
 
5 
0 
4 
2 
 
2.27 
 
1.27 
Chart 16b: whether feelings of massage changed  
no change 
decreased 
occurred periodically 
 
1 
5 
5 
 
1.64 
 
.674  
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Item  f M  SD 
†Chart 17a: could maintain a comfortable posture  
all of the time 
most of the time 
some of the time 
not at all 
 
1 
5 
4 
1 
 
2.45 
 
.820 
Chart 17b: whether feelings of maintaining comfortable posture 
changed  
no change 
decreased 
occurred periodically 
missing 
 
 
2 
3 
4 
1 
 
 
1.78 
 
 
.833 
Chart 18a: felt chair movement limited ability to write 
not at all 
some of the time 
most of the time 
all of the time 
 
6 
2 
1 
2 
 
1.91 
 
1.22 
Chart 18b: whether feelings of limited writing ability changed 
increased 
no change 
decreased 
occurred periodically 
 
1 
8 
1 
1 
 
2.18 
 
.750 
Chart 19a: felt was in an awkward, uncomfortable posture 
not at all 
some of the time 
most of the time 
all of the time 
 
5 
5 
0 
1 
 
1.73 
 
.904 
Chart 19b: whether feelings of awkwardness, being uncomfortable 
changed 
increased 
no change 
decreased 
occurred periodically 
missing  
 
 
2 
6 
1 
1 
1 
 
 
2.10 
 
 
.876 
Chart 20a: felt movement limited mouse use 
not at all 
some of the time 
most of the time 
all of the time 
 
4 
2 
1 
4 
 
2.45 
 
1.37 
Chart 20b: whether feelings of limited mouse use changed 
increased 
no change 
decreased 
 
4 
6 
1 
 
1.73 
 
.647 
Q7: susceptibility to motion sickness: cars 
yes  
no 
 
3 
8 
 
1.73 
 
.467 
Q7: susceptibility to motion sickness: boats 
yes  
no 
 
3 
8 
 
1.73 
 
.467 
Q7: susceptibility to motion sickness: planes 
yes  
no 
 
1 
10 
 
1.91 
 
.302 
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Item  f M  SD 
Q7: susceptibility to motion sickness: not susceptible 
yes  
no 
 
6 
5 
 
1.45 
 
.522 
Q8: assessment of overall sitting experience 
Didn’t notice movement by the end 
Still noticed movement but movement didn’t bother me 
Still noticed movement and it was a bother 
 
2 
6 
3 
 
2.09 
 
.701 
Note. 
† represents items that were reverse coded. 
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Appendix T  
Experiment Two Speed Change Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ss  Order  Task  Time when speed 
was changed 
(min) 
Speed 
setting 
Comments 
1  1  Typing  No change  0  I would want it off when I’m working 
    Movie 1  Beginning of task  10   
     :38s  7   
     2.40  8   
     4.55  4   
   Mousing  Beginning  of  task  4   
      :30s  0  It’s moving so I can’t focus 
   Movie2  Beginning  of  task  5   
     :15s  1   
     2.30  3   
   Writing Beginning  and  all 
of task 
0  I turn it off when I’m working 
2 2  Writing  Beginning  of  task 3  
     4.25  2   
    Movie 1  Beginning of task  3   
     7.05  3   
   Mousing  Beginning  of  task  2   
     3.45  2   
     9.00  .5   
    Movie 2  Beginning of task  .5   
     :54s  4   
   Typing Beginning  and  all 
of task 
4   
3 3  Mousing  Beginning  of  task 5  
      4.45  8  This is so nice on your hips 
    Movie 1  Beginning of task  8   
     :20s  5   
     2.50  2   
   Typing Beginning  and  all 
of task 
2   
   Movie 2  Beginning and all 
of task 
2   
   Writing Beginning  of  task  2   
    :30s  0   
            Note. The times represent the time at which a change in speed was made, for instance, after spending  
            4 minutes and 45 seconds at speed level 5, the third subject changed the speed only once to level 8 in  
            the mousing condition.   
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Ss  Order  Task  Time when speed 
was changed 
(min) 
Speed 
setting 
Comments 
4 2  Writing  Beginning  of  task 3  
     1.30  0   
     3.15  9   
    Movie 1  Beginning of task  9   
     2.10  .5   
     8.20  4   
   Mousing  Beginning  of  task  4   
     :36s  0   
   Movie 2  Beginning and all 
of task 
0   
   Typing Beginning  and  all 
of task 
0   
5 4  Typing  Beginning  of  task 4  
     6.20  3   
    Movie 1  Beginning of task  3   
     :20s  4   
    Writing  Beginning of task  4  I  needed to focus and write better; 
      1.00  2  I just want a little bit of movement. 
   Movie 2  Beginning and all 
of task 
4  
   Mousing Beginning  of  task  1   
     :30s  3   
6 1  Typing  Beginning  of  task 3  
     3.23  2   
     8.20  0   
    Movie 1  Beginning of task  10   
     1.00  6   
     1.40  2   
     4.50  0   
     6.30  2   
   Mousing  Beginning  of  task  8   
     :25s  6   
     :47s  4   
     1.24  0   
    Movie 2  Beginning of task  4   
     :25s  0   
     1.39  0  Very  little  movement 
   Writing  Beginning  and  all 
of task 
0   
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Ss  Order  Task  Time when speed 
was changed 
(min) 
Speed 
setting 
Comments 
7 3  Mousing  Beginning  of  task 0   
     1.34  2   
      2.30  0  Movement is kind of distracting 
   Movie 1  Beginning and all 
of task 
0   
   Typing Beginning  and  all 
of task 
0   
   Movie 2  Beginning and all 
of task 
0   
   Writing Beginning  and  all 
of task 
0   
8* 4 Typing Beginning  and  all 
of task 
9   
    Movie 1  Beginning of task  10  
     :33s  7   
     1.00  0   
   Writing Beginning  and  all 
of task 
10   
    Movie 2  Beginning of task  10  
     :20s  0   
   Mousing Beginning  and  all 
of task 
0   
9 5  Writing  Beginning  of  task 0   
     4.00  6   
     6.30  5   
    Movie 1  Beginning of task  4   
     6.10  5   
   Typing Beginning  and  all 
of task 
0   
    Movie 2  Beginning of task  0  
     2.45  4   
   Mousing Beginning  and  all 
of task 
0   
10 5 Writing  Beginning  of  task  7   
     1.27  10   
     3.45  7   
   Movie 1  Beginning and all 
of task 
7   
   Typing Beginning  and  all 
of task 
7   
   Movie 2  Beginning and all 
of task 
7   
   Mousing Beginning  and  all 
of task 
7   
                     Note.  * This participant data was deemed an outlier and was not considered for analysis.  
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Ss  Order  Task  Time when speed 
was changed 
(min) 
Speed 
setting 
Comments 
11 6 Mousing  Beginning  of  task  2   
     1.30  1   
     5.18  3   
   Movie 1  Beginning and all 
of task 
3   
   Writing  Beginning  of  task  2  
     2.30  5   
    Movie 2  Beginning of task  5   
     1.49  8   
    Typing   Beginning of task  5   
     5.44  0   
12 6 Mousing  Beginning  of  task  0   
     :40s  3   
   Movie 1  Beginning and all 
of task 
3   
   Writing Beginning  and  all 
of task 
3   
   Movie 2  Beginning and all 
of task 
3   
   Typing Beginning  and  all 
of task 
3   
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Appendix U  
Experiment Two Post-Test Questionnaire Subjective Responses 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ss  In terms of sitting comfort, what chair features did you like most? 
1  The motion part. 
2  The movement of the chair was good in sense I was feeling less restless. The ability to 
change the speed is good. 
3  I liked the cushioning, the tilted seat and the fact that the backrest, both by going up and 
down and by changing its angle, adjusted to my back. It was overall more cushiony, inviting 
and supportive to my body than most other desk chairs. 
4  I like the idea of the moving seat. I really like the feeling at first—the motion was quite 
relaxing. 
5  Adjust to my height; I can adjust the speed. 
6  I didn’t like it!!! 
7  I like the cushion seat and the back cushion. 
8*  Movement of seat. 
9  I liked the cushioning of the chair and the movement—especially that it’s adjustable. I like 
the placement of the armrests as well. 
10  The easy access to the controls. Also the circular rotation was good. 
11  The soft cushion and the back rest—very padded and comfortable. I also like the massaging 
movement of the chair. 
12  The bottom part, it is very supportive. I also like the arm rests. 
Note.  * This participant data was deemed an outlier and was not considered for analysis.  
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 Note.  * This participant data was deemed an outlier and was not considered for analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ss  In terms of sitting comfort, what chair features did you least like? 
1  Back of the chair 
2  The motion seemed random so wasn’t able to adjust to it. Some of the postures were very 
uncomfortable. 
3  The backrest did not go as high as I would have liked. 
4  The moving seat made me dizzy and nauseous. Also, I felt that it put me in an unnatural 
position. 
5  Chair could move on my back side. Example: back side, as a massage. Especially watching 
movie, I was expecting more support to my legs. 
6 The  movement!!! 
7  The armrests were uncomfortable and the motion was unpleasant. 
8*  Arm rests were too high; seat cushion a little hard. 
9  I thought the seat movement was too extreme—I liked that the speed was adjustable, but it 
didn’t seem like the height/intensity of the movement was.  
10  The back could be more cushioned. 
11  The arm rests. They were too firm and rigid. Also, no footrest. If there was a place to put 
your feet up (not all the time but just as an option) it would be much more comfortable. 
12  The back part, I am not sure if it is too wide or not wide enough but it is not as comfortable 
as the rest—it may be because it is not connected to the rest (not all one piece).  
  233
 
 
 
 
Ss  In the space provided, please freely write about your experience while sitting in this chair, 
reflecting on how you felt at the beginning, middle and end of this testing session. Consider 
your mental and physical comfort, whether you enjoyed the motion of the chair or if you 
were irritated by it, and whether these feelings changed throughout your sitting experience. 
1  I like the motion in the chair but it would be better if it’s designed for the back of the chair. 
2  The motion was helping me concentrate better, however I did experience periodic back pain 
and neck pain. The motion was too fast sometimes taking away the attention from what 
work was being doing. If the motion was predictable then probably would have been more 
comfortable because you would get used to it. 
3  In the beginning, I really enjoyed the tilting motion of the seat—it felt like I was getting a 
great massage—easy on m hips and buttocks. But, I found as I did certain tasks, I would still 
tense up—noticeably in my upper back, shoulders and neck. Using the mouse (having one 
hand outstretched) did not feel comfortable at all! And, writing/typing was more 
comfortable with the chair tilting not at all for writing (too distracting) and only slightly 
during typing.  
4  I like the motion at the beginning, but then turned it off completely because I felt nauseous 
and dizzy. These feelings were most pronounced when watching the video. In fact, all 
discomfort was worst then—I usually feel pain most when I am not moving at all or 
engaging with anything in a somewhat physical manner (even typing, etc.) My neck and 
shoulders were most painful (tight, sore) and then my lower back began to hurt as well. The 
overall position of the chair felt wrong for my body. 
5  I really liked to watch movies, and write but not to type! At the beginning was not as good 
as now. And again, movement in the back side would be awesome and more comfortable. I 
think you should make a test to the person reading, as a student, or business, because while 
seating in this chair I would like to read. Also, it’s a good idea to use at home (lap top), 
people use more lap tops than PCs today. And back pain can come because there is no 
structure to the seat while using lap tops. In my case, I just sit on my bed and use my lap top 
for hours, I just do that because my room is more comfortable than my living room. If I had 
this chair at home, I would put it in my room and use my lap top appropriately. 
6  At the beginning, I was quite comfortable. It is a comfortable chair. But when the motion 
started, I hated it. It was a terrible experience! Sometimes I even forgot about my back pain 
because the movement was irritating me! When I turned it off, I felt much better the problem 
was the seat. I had to turn it on again to find a comfortable position and turn it off. 
7  I found the chair movement unpleasant but was comfortable for the most part in this chair. 
By the end of experiment, I was getting restless which made me tense but I was physically 
comfortable for the whole time. 
8*  The chair movement was comfortable when I was concentrating on a task (e.g. typing, 
writing, playing the game). However, the movement became uncomfortable while watching 
the movie. This was probably due to a change in my sitting posture. 
9  I felt pretty tired throughout the study and adjusting the movement of the chair helped keep 
me awake during the movies. However, I had difficulty concentrating on typing and the 
video game while moving and thus wanted the chair to be stable. I also generally have 
shoulder pain when I sit at computers, and found myself wishing that the back of the chair 
was higher and also that the back of the chair moved, so as to massage my back, rather than 
moving my legs. 
10  The chair was good because it allowed my back to be constantly moving so it was not stuck 
in one position. I would purchase this chair! 
Note.  * This participant data was deemed an outlier and was not considered for analysis. 
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(Continued) 
11  I really liked the movement, especially at first. It was very soothing and relaxing, especially 
at low speeds. During the movie, I turned it up because it made me feel very relaxed and 
comfortable. During the typing task though it was too fast I turned it off because it was 
affecting my typing and starting to get annoying. 
12  I enjoyed the motion of the chair, thoroughly. I only disliked it a very few times when it 
went up too far and made my left hip rise. Other than that, all the motion was good. I felt 
like it enhanced my ability to concentrate and put me in a better mood. It also completely 
relieved my lower back pain without even me noticing.  
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Ss  How does this compare with your typical sitting experience? 
1  Better. 
2  Well the motion is kind of better. However, it’s difficult to find a comfortable spot to sit or a 
comfortable position. It’s good if you are working but not all that relaxing. 
3  Ten times better! 
4  More awkward less effortless. I was constantly aware of the chair, which could be because I 
knew it was being studied, but it also felt ill-suited to me. 
5  This chair is much more comfortable than anyone in the library, where I spend more than 5 
hours/day. Also helps avoid back pain and relax at the same time studying, reading. 
6 Worst  than  usual!!! 
7  This chair compares with a normal sitting experience although I find my desk chair much 
more comfortable. 
8* About  the  same. 
9  It was certainly more stimulating than a regular chair. Usually I sit for a longer period and 
am not changing tasks as frequently, so I think I am usually even more restless. 
10  This was a lot better because it eased tension in my back. 
11  Much improved. My chairs are not very good and this one provided much more comfort. 
12  It is much better than average. I feel like I could be more productive and in a better frame of 
mind overall simply from sitting in it. 
 Note. * This participant data was deemed an outlier and was not considered for analysis. 
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Appendix V  
Experiment Two General Comfort Rating Scale Data across the 6 Collection Times 
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